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VOLUNTARY  MOVEMENT  UNDER  POSITIVE  AND 

NEGATIVE  INSTRUCTION 

BY  HERBERT  SIDNEY  LANGFELD 
Harvard  University 

In  two  previous  articles^  upon  the  negative  instruction 
the  main  interest  was  directed  toward  the  effect  of  such 
instruction  upon  the  suppression  of  imagery  and  the  muscleiB 
of  the  vocal  organs.  The  work  described  in  the  present 
article  was  undertaken  in  order  to  obtain  an  analysis  of  the 
process  of  executing  a  skillful  movement,  that  is,  a  movement 
requiring  perfect  motor  control,  under  the  conditions  of 
positive  and  negative  instruction. 

The  experiments  were  conducted  in  the  Harvard  laborer 
tory  in  the  spring  of  191 2  upon  five  subjects  referred  to  as 
A^  B,  Cy  Dy  and  E.  They  were  all  graduate  students^  with  a 
training  in  experimental  methods. 

The  instrument  used  was  a  tracing  board  similar  to  the 
one  recommended  by  Whipple.^  The  subject  passed  the  wire 
attached  to  the  stylus  through  his  coat  sleeve,  so  that  it 
would  move  freely  with  his  arm  and  not  interfere  with  its 
movements.  He  sat  before  a  table  of  convenient  height  with 
the  board  directly  in  front  of  him. 

The  positive  instruction  given  him  was:  "Go  down  the 
middle  of  the  groove."  That  is,  he  was  to  pass  the  stylus 
down  the  middle  of  a  grove  between  two  brass  sides  25  cm. 
long,  and  at  the  nearest  end  J  cm.  and  at  the  farthest  end 
jV  cm.  apart.  When  the  stylus  touched  the  sides  a  teler 
graph  sounder  indicated  the  contact.  The  precautions 
advised  by  Whipple  were  observed.*  Preliminary  trials  were 
made  until  the  subject  could  traverse  the  distance  in  nine 

* 'Suppression  with  Negative  Instruction,'  Psychological  Bulletin,  June,  1910, 
Vol.  VII.,  pp.  200-208;  and  'Suppression  with  Negative  Instruction,'  Psychological 
Review,  November,  1911,  Vol.  XVIIL,  No.  6,  pp.  411-424. 

•  *  Manual  of  Mental  and  Physical  Tests,*  p.  120. 

*  Idem,  p.  121. 
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seconds.  Ten  trials  were  then  made  with  the  right  hand, 
with  five  seconds  pause  between  each  trial.  The  instruction 
was  repeated  after  every  second  trial.  The  subject  then 
gave  his  introspection,  which  was  recorded  by  the  experi- 
menter. It  was  deemed  advisable  to  take  the  introspection 
at  the  end  of  the  series  instead  of  after  each  trial  in  order  that 
the  subject  should  not  be  disturbed  in  his  attitude  by  too 
long  a  pause.  Also  any  effect  of  practice  or  warming  up 
would  not  be  lost  and  altogether  the  voluntary  movement 
would  be  a  more  natural  one.  In  regard  to  this  latter  point 
suppose  the  introspection  were  taken  after  every  trial.  And 
let  us  also  suppose  there  is  a  content  in  the  margin  of  atten- 
tion, which  the  subject  attempts  to  describe.  He  finds 
difficulty  in  presenting  it  clearly.  In  the  next  trial  his  full 
attention  is  given  to  it  and  the  movement  is  no  longer  normal. 
Although  this  is  a  danger  to  be  avoided  in  all  introspection, 
it  is  more  difficult  to  do  so  when  the  introspection  is  frequently 
given.  The  obvious  disadvantage  of  such  more  or  less 
sporadic  report,  i.  ^.,  that  some  of  the  data  of  the  first  trial 
will  be  lost,  seems  to  be  of  relatively  minor  importance. 
And,  it  must  be  remembered,  it  is  only  the  report,  not  the 
introspection  which  is  sporadic,  for  the  latter  is  spread  more 
or  less  equally  over  the  entire  series.^  At  first  in  order  to 
avoid  suggestion  the  subject  was  merely  asked  to  describe 
fully  his  conscious  state.  It  was  only  after  it  was  evident 
that  certain  contents  were  present  that  questions  were  intro- 
duced to  obtain  a  full  description  of  these  contents.  After 
the  report  of  the  introspection  was  finished  and  a  pause  of 
five  minutes  allowed  for  rest,  ten  trials  were  made  in  similar 
manner  with  the  left  hand,  and  again  the  introspection  was 
noted.  There  was  in  general  an  intermission  of  one  week 
between  each  series.     In  several  instances  two  weeks  inter- 

^  G.  E.  Muller  in  his  'Zur  Analyse  der  Gedachtnistatigkeit  und  des  Vorstellungs- 
veiiaufes/  Zsch,  /.  PsychoL,  Ergbd.  5,  Leipzig,  191 1,  p.  135,  says:  ''Stellt  man  eine 
Reihe  von  240  Versuchen  an,  so  wird  man  bei  Untersuchung  mancher  Fragen  den 
gleichen  Einblick  in  das  innere  Verhalten  der  Versuchsperson  gewinnen,  wenn  man 
dieselbe  nur  in  30  bis  40  uber  die  Versuchsreihe  verteilten  Fallen  zu  einem  Vorgangs- 
bericht  veranlasst,  wie  dann,  wenn  man  das  Verfahren  mit  jedesmal  verlangtem 
Vorgangsberichte  anwendet,  ohne  dabei  eine  gleiche  Ablenkung  der  Vorgange  von  der 
Naturlichkeit  zu  riskieren  wie  bei  dem  letzeren  Verfahren." 
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vened.  After  five  series  had  been  made  under  the  positive 
instruction,  in  the  case  of  two  subjects  after  four  series,  the 
negative  instruction  "Do  as  before  but  this  time  direct 
your  attention  to  inhibiting  the  stylus  from  going  toward 
the  sides  in  going  down  the  groove,"  shortened  to  "Do  not 
touch  the  sides,"  was  introduced  and  the  trials  conducted  in 
all  other  respects  as  before.  The  two  forms  of  instruction, 
positive  and  negative,  do  not  necessarily  imply  the  same 
action.  While  under  the  positive  a  straight  line  must  be 
made,  under  the  negative  the  stylus  may  zigzag  so  long  as  it 
goes  down  the  groove  without  touching  the  sides.  Practically, 
however,  in  consideration  of  the  narrowness  of  the  groove,  this 
difference  may  be  neglected.  In  both  cases  the  attention 
was  directed  toward  steadiness  of  movement.  Only  in  one 
instance  was  advantage  taken  of  the  extra  privilege  of  the 
negative  instruction.  A  subject  said  after  one  negative 
series  that  by  saying  to  himself  that  he  could  move  his  hand 
laterally  so  long  as  he  did  not  touch  the  sides,  he  felt  less 
constrained. 

Quantitative  Analysis 

One  of  the  striking  features  of  the  results  is  their  vari- 
ability for  the  same  individual  from  week  to  week  as  well  as 

Subject  A 
Positive  Instruction 


Right  Hand 

Left  Hand 

Series 

M. 

Md. 

M.V.i 

M. 

Md. 

M.V. 

I 

6.8 

7.0 

27 

7.8 

7.e 

2.4 

2 

9.8 

10.4 

2.4 

4-9 

4.3 

2.6 

3 

57 

5-9 

1.4 

3.8 

3.6 

1-4 

4 

6.1 

6.5 

2.0 

5.3 

5.0 

1.8 

av. 

7.1 

7.4 

2.1 

5-4 

SI 

2.1 

Negative  Instruction 


s 

47 

3.8 

2.7 

7.1 

8.8 

3-0 

6 

7.4 

8.1 

3-9 

9$ 

8.4 

4.3 

7 

6.9 

6.9 

2.0 

5.6 

5-5 

2.4 

8 

7.0 

6.1 

^•? 

6.8 

7.2 

3.0 

9 

lO.O 

10.3 
7.0 

2.6 

13.4 
8.5 

10.5 

4-4 

av. 

7.2 

2.6 

8.1 

3-4 

^  The  m.v.  is  taken  from  the  mean,  the  median  is  quoted  throughout  the  paper  and 
not  the  mean. 
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Subject  B 
Positive  Instruction 


Series 

Ri^ht  Hand 

Left  Hand 

M. 

Md. 

M.V. 

M, 

Md. 

M.V. 

I 
2 

3 

4 
5 

8.2 

54 

8.5 

4.9 
7.9 

77 

4.5 

8.2 

5.8 
74 

4.1 
2.2 

3.9 
3.3 

8.7 

6.1 
7.6 
8.6 

8.5 
6.5 

6.6 

5-9 
7.5 

1.9 

3.1 
2.4 

44 

av. 

7.0 

6.7 

3-5 

7-7 

7.0 

3.0 

Negatioe  Instruction 


6 

li 

4.1 

34 

3.8 

24 

2.2 

7 

8.6 

9.2 

14 

10.6 

9.1 

3.5 

8 

9.3 

9-3 

17 

9.2 

9.1 

1.8 

9 

10.6 

9.2 

3.9 

8.3 

77 

4.2 

10 

8.9 

9.2 

.9 

12.8 

12.5 

4.1 

II 

10.2 

9.5 

1.6 

94 

8.6 

3.2 

12 

8.2 

9.0 

14 

2.0 

7.5 

8.0 

3.3 

av. 

8.8 

8.5 

8.8 

8.2 

3.2 

Subject  C 
Positive  Instruction 


Series 

Right  Hand 

Left  Hand 

M. 

Md. 

M.V. 

M. 

Md. 

M.V. 

I 
2 
3 

4 
5 

5.0 
57 

77 

84 

9-5 

5.6 

57 

7.1 
8.8 

8.2 

2.2 
1.2 
2.1 
2.7 

4-9 

7.8 

134 
114 

II.2 

II.O 

7-7 
13.9 
1 1.9 
10.0 
10.3 

2.3 
4.2 

3.6 

2.8 

av. 

7.3 

74 

2.6 

II.O 

10.8 

3-4 

Negatioe  Instruction 


6 

5.9 

4.6 

2.9 

9.9 

10.2 

2.7 

7 

9.8 

10. 1 

2.9 

9.8 

8.7 

4.5 

8 

'M 

10.9 

2.3 

9.9 

97 

3.0 

9 

8.6 

9.0 

34 

14.2 

15.5 

4.0 

10 

8.2 

9.0 

27 

10.0 

9.3 

2.0 

II 

8.6 

9.5 

1.5 

10.4 

10.5 

1.6 

12 

8.6 

9.5 

2.5 

9.8 

9.5 

3.1 

av. 

8.7 

8.9 

2.6 

10.6 

10.5 

3.C 

from  trial  to  trial.     For  example  B  does  4.5  cm.  one 
followed  by  8.2  cm.  the  next  and  5.8  cm.  the  next.     D 
14.9  cm.  one  day,  8  cm.  the  next  and  10.6  cm.  the 
^  does  3.8  cm.  followed  by  8.1  cm.  and  6.9  cm.  and 
The  m.v.'s  are  in  many  instances  large  and  the  de 
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Subject  D 
Positive  Instruction 


Series' 

Right  Hand 

Left  Hand 

M. 

Md. 

M.V. 

M. 

Md. 

M.V. 

I 
2 

S 

4 

I3.S 
10. 1 

9.6 

14.9 

8.0 

10.6 

9.0 

6.1 

3.9 
4.0 

3.3 

14.0 

15.7 
II.O 

10.8 

16.4 
10.3 
10.3 

4.7 
2.8 

4.5 
3.5 

av. 

II.2 

10.6 

4-3 

12.9 

I3.I 

3.9 

Negative  Instruction 


i 

12.7 

II.O 

3.8 

16.5 

15-5 

H 

6 

10.2 

lO.O 

2.0 

10.3 

10.3 

2.6 

7 

ii.S 

10.6 

3.2 

15.0 

14.9 

2.1 

8 

9.7 

?•? 

3.1 

11.2 

9.1 

2.9 

• 

9 

7.2 

6.6 

2.2 

13.0 

12.S 

2.6 

av. 

10.3 

9.5 

2.9 

13-2 

12.S 

2.5 

Subject  E 
Positive  Instruction 


Series 

Right  Hand 

Left  Hand 

M. 

Md. 

M.V. 

M. 

Md. 

M.V. 

I 
2 

3 
4 
5 

5.4 
Ip.2 

8.4 

II.6 

6.5 

10.8 
7.3 

10.6  . 

2.3 

1.7 

2.9 

2.1 

3-0 

13.9 
10.4 

9-5 
10.9 

9.6 

12.7 
lO.O 

8.1 

II.2 
10.7 

3.2 

44 
4.1 

3.5 
3.2 

av. 

8.1 

8.0 

2.4 

10.9 

10.5 

3.7 

Negative  Instruction 


6 

12.9 

12.7 

54 

13.6 

13.9 

3.0 

7 

94 

9.2 

2.3 

9-7 

9.7 

H 

8 

8.1 

8.5 

2.5 

14.3 

14.9 

3.8 

9 

8.9 

9.5 

2.4 

8.5 

9.0 

2.1 

10 

10.8 

9.5 

H 

ii.i 

9.2 

4.1 

II 

lO.O 

10.3 

2.6 

134 

10.6 

4-4 

12 

10.5 

9.5 

3.9 

10.2 

9.1 

3.6 

av. 

10. 1 

9.9 

3.0 

I1.8I 

10.9 

34 

correlation  between  low  averages  and  small  m.v.'s  is  slight. 
This  large  variability  is  not  confined  to  either  hand,  but 
generally  a  large  m.v.  for  the  right  hand  will  be  followed  by 
a  large  m.v.  for  the  left  on  the  same  day  and  the  same  with 
the  small  m.v.'s.  It  may  be  significant  that  in  the  case  of  Z), 
who  is  the  only  one  who  does  better  with  both  hands  under 
the  negative  instruction,   the  m.v.   is   also  on  an   average 
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decidedly  smaller  for  that  instruction.  This  s 
holds  in  the  case  of  A^s  left  hand  under  positi\ 
and  £'s  right  hand  under  positive  instruction. 

There  are  considerable  individual  difference 
the  effect  of  the  different  instructions.  As  w 
tioned,  D  is  the  only  subject  to  show  impi 
both  hands  under  the  negative  instruction.  C 
difference  for  the  left  hand  and  a  worse  av 
right.  A  IS  about  the  same  for  the  right  and  ali 
poor  for  the  left.  B  and  E  have  a  worse  avei 
hands  under  this  instruction.  Nowhere  can  one 
results  of  practice.  Under  the  presupposition  t\ 
ment  is  more  difficult  under  the  negative  ii 
might  be  said  that,  inasmuch  as  the  negative 
positive,  those  who  did  worse  in  the  negative 
shown  the  effects  of  practice  if  the  instruction 
changed  and  those  who  showed  some  improv 
have  shown  a  still  greater  one. 

The  first  average  in  several  instances  unde 
other  instruction  was  the  best  or  at  least  very 
ample  in  the  case  of  C  for  both  hands  under  the  po 
the  right  under  negative,  E  for  the  right  hand  ui 
B  for  both  hands  under  the  negative  and  A  for  t! 
under  negative  instruction.  When  only  one  1 
this  peculiarity  it  was  the  right,  that  is,  the  firs 
which  suggests  that  the  low  average  was  du 
interest  in  the  movement. 

Qualitative  Analysis 

The  introspection  on  the  fore-period  of  all 
will  be  given  and  analyzed  and  then  that  of  the 
Only  introspection  bearing  on  the  subject  of  this 
quoted  and  repetitions  will,  as  a  rule,  be  omitte< 

Fore-period 
Subject  A 
Positive  Instruction, — (i)  R.  h.*   I  tried  to  imagine  there  was  a  gr 
I  got  a  visual  image  of  this  groove.     (2)  L.  h.    There  is  a  visual  ir 

*  R.  h.  =  right  hand.  L.  h.  =  left  hand.  The  introspection 
in  order  to  facilitate  reference  in  the  following  analysis.  Remarl 
put  in  parenthesis. 
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the  center  that  I  aia  to  idUow.  (3)  L.  h.  The  idea  of  going  down  the  middle  is  repm 
sented  by  the  path  a  baU  takes  that  I  imagine  I  am  to  bat  and  because  I  am  able  Ix 
associate  this  imagery  with  the  left  hand  I  am  able  to  keep  the  idea  of  the  aides  o«t  o 
conscious  nets  easier  and  longer  than  with  the  right  hand.  (He  always  batted  left 
handed,  although  he  was  right-handed  in  other  things.  The  record  with  the  lef 
hand  is  better  than  that  with  the  right.) 

Negative  Instruction, — (4)  R.  h.  The  idea  of  keeping  away  from  the  sides  was  no 
represented  by  visual  imagery  but  rather  by  my  attention  wandering  from  side  t< 
side  of  the  groove.  I  could  not  think  of  both  sides  at  once.  (5)  L.  h.  Auditory  imagi 
of  instruction  was  present.  (6)  R.  h.  There  was  a  visual  image  of  the  point  waverin] 
from  side  to  side.  The  sides  were  not  prominent  and  faded  out  when  I  began  to  movt 
down  the  groove.     (7)  L.  h.    The  instructions  were  entirely  auditory. 

Subject  B 

Positive  Instruction. — (8)  R.  h.  I  had  an  auditory  image  'Down  the  middle. 
(9)  L.  h.  I  kept  the  instructions  pretty  well  in  mind  and  seemed  to  succeed  in  keepiia{ 
other  things  out.  (10)  R.  h.  I  shut  everything  out  of  consciousness  but  the  auditory 
image  of  the  instruction,  which  remained  in  the  margin  of  consciousness.  (li)  R.  h 
I  banished  everything  from  my  mind,  not  even  retaining  the  instructions.  I  felt  '. 
could  do  the  test.  (Not  as  good  a  record.)  (12)  L.  h.  I  did  not  start  until  I  though 
everything  was  out  of  my  mind. 

Negative  Instruction, — (13)  R.  h.  Auditory  kinesthetic  imagery  of  instruction 
I  banished  all  else  out  of  consciousness.  (14)  L.  h.  It  is  more  difficult  to  keep  othe 
things  aietwith  the  left  hand  than  with  the  right.  I  had  to  keep  repeating  the  instruc 
tion.  (lirR.  h.  I  tried  to  banish  everything.  I  did  not  bring  up  the  instructioo 
(16)  L.  h.  Every  time  I  started  I  recalled  the  inttniction  as  auditory  image.  There  wa 
an  effort  to  keep  the  instruction  in  mind.  (17)  R.  h.  I  tried  to  get  my  mind  oentere 
both  oa  going  down  the  groove  and  not  touching  the  sides.  (No  farther  descriptioi 
was  obtained.)  (i3)  L.  h.  The  muscular  tension  is  not  as  great  as  in  the  right  hand 
(19)  R.  h.    I  tried  to  obtain  an  auditory  image  of  the  instruction  and  to  banish  all  else 

Subject  C 

Positive  Instruction, — (20)  R.  h.  I  had  a  visual  image  of  a  long  line,  also  of  th 
Grande  Canon.    (21)  L.  h.    Hiere  was  a  visual  image  of  a  continuous  line. 

Negative  Instruction,  (22)  R.  h.  There  was  an  image  of  some  long  passageway 
The  situation  was  exceedingly  exciting  and  consequently  pleasant.  There  was  som 
great  danger  connected  with  this  imagery.  There  was  also  auditory  imagery  c 
^Keep  away  from  the  sides.  Go  as  near  as  you  want  so  long  as  you  do  not  touch  th 
sides."  This  seemed  a  better  instruction,  as  it  seemed  to  give  me  more  privilege.  (23 
L.  h.  There  was  visual  imagery  as  before,  also  a  vacant  state  of  mind  when  I  could  ac 
keep  the  concept.  Finally  I  got  the  idea  of  keeping  away  from  two  rocks,  from  goo 
and  evil,  etc.  I  kept  switching  from  idea  to  idea:  (24)  R.  h.  I  had  a  visual  ima| 
of  a  tube  like  the  Cambridge  subway.  The  curve  in  the  tube  represented  the  negarin 
not  to  touch  the  sides.  At  times  it  was  represented  by  the  idea  of  not  touching  tt 
lamps.  (25)  L.  h.  There  was  a  visual  image  of  being  between  two  tows  of  sokUen 
who  held  their  bayonets  toward  me.  "Do  not  look  to  the  right  or  left  or  the  bayone 
win  stick  you*'  was  represented  in  auditory  imagery.  (26)  R.  h.  There  was  shai 
pain  in  my  ear  and  tension  in  my  head.  The  instruction  was  represented  by  the  idi 
that  my  head  must  be  kept  tcwtij  from  something.    (27)  L.  ii.    I  hftd  a  visual  ima^ 
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of  a  narrow  bridge.  The  railings  were  freshly  painted.  There  was  also  the  auditory 
image  ''Keep  away  from  the  sides"  and  kinesthetic  sensations  in  the  knees.  (The 
fore-period  continued  to  the  end  of  the  series  to  be  occupied  by  a  concept  of  some  sort  of 
danger  to  be  avoided,  although  the  imagery  representing  this  idea  changed  from 
day  to  day.) 

Svbject  D 

Positive  Instruction,  (28)  R.  h.  There  was  a  kinesthetic  sensation  of  a  line  down 
the  center.  (29)  L.  h.  I  had  a  visual  image  of  a  line  down  the  middle.  (30)  R.  h.  I 
had  the  kinesthetic  sensations  of  going  down  the  middle.  The  situation  was  that  of 
the  difficult  task  of  walking  down  the  middle  of  a  narrow  plank.  There  was  also  a 
visual  image  of  a  central  path.  (31)  R.  h.  There  was  a  kinesthetic  sensation  of 
trying  to  go  down  a  straight  line.     (32)  R.  h.    I  had  a  visual  image  of  a  straight  line. 

Negative  Instruction, — (33)  R.  h.  I  had  a  visual  image  of  walking  along  a  plank 
and  not  going  off  the  sides.  (34)  R.  h.  There  was  auditory  imagery  of  the  instruc- 
tion and  visual  imagery  of  the  sides  and  the  point  wobbling  between  them.  (35)  R.  h. 
There  was  a  visual  image  of  a  ditch  and  my  attempt  to  walk  down  without  touching 
the  sides.  There  was  tension  accompanied  by  sensations  of  wobbling.  (36)  L.  h. 
There  were  auditory  repetitions  of  the  instructions  and  vague  visual  imagery  of  the 
point  wobbling,  also  tension.  (37)  R.  h.  I  had  kinesthetic  sensations  of  balancing. 
(38)  R.  h.  The  negative  part  of  the  instruction  is  represented  by  tension  of  the  muscles 
and  a  dizzy  feeling. 

Subject  E 

Positive  Instruction, — (39)  L.  h.  I  had  an  auditory  image  of  the  instruction.  (40) 
R.  h.  I  did  not  say  the  instructions  to  myself  until  I  started.  (41)  L.  h.  I  said  the 
instructions  to  myself.  There  was  also  a  visual  image  of  a  line  down  the  center.  I 
did  worse  the  times  I  did  not  say  the  instructions  before  starting.  I  also  said  ''I  am 
going  to  keep  down  the  middle  this  time,"  accompanied  by  an  effort  of  bracing.  (8.1 
cm.  His  best  record.)  (42)  L.  h.  The  instruction  was  not  so  vividly  in  mind.  (11.2 
cm.) 

Negative  Instruction, — (43)  R.  and  1.  h.  Instructions  were  present  as  auditory 
imagery.  (44)  R.  h.  There  was  a  visual  image  of  a  line,  but  not  so  far  down  as  with 
the  positive  instruction.  (45)  There  was  the  auditory  imagery  of  the  instruction 
and  the  visual  imagery  was  not  so  prominent.  The  attention  was  divided  between  the 
two  sides.  (46)  When  I  paid  most  attention  to  the  instruction  I  was  less  conscious  of 
the  tension  in  the  arms  and  vice  versa. 

As  might  be  expected  there  was  a  change  of  imagery  with 
a  change  in  the  instruction.  A  visual  image  of  a  straight 
line  was  very  common  under  the  positive  instruction.  In  the 
case  of  one  of  the  subjects,  if  this  imagery  did  appear  under 
the  negative  instruction  it  was  in  some  way  changed.  As  for 
example  in  one  instance  it  did  not  extend  so  far,  that  is^  it  was 
partially  inhibited  (45).  We  also  find  instances  under  the 
negative  instruction  of  the  sides  of  the  groove  becoming  more 
prominent  in  the  visual  imagery  or  in  the  perception  and  of 
the  attention  wandering  from  one  side  to  the  other  instead  of 


VOLUNTARY  MOVEMENT  4^7 

remaining  in  the  middle  (35,  45,  4).  Subject  C  introduced  an 
emotional  element,  that  of  fear,  under  negative  instruction. 
His  visual  imagery  took  the  form  of  some  danger  to  be 
avoided,  i.  ^.,  a  bend  in  the  subway,  bayonets,  etc.;  finally 
the  instruction  centered  in  a  rigidity  of  the  head,  which  was 
not  to  be  moved  to  the  right  or  left.  Consequently  we  shall 
see  in  the  main  period,  that  at  times  when  the  point  touched, 
this  emotional  complex  was  aroused  (24,  25,  26;  see  also 
90,  96). 

Subject  -B,  who  was  the  only  one  who  had  no  visual 
imagery,  occupied  the  fore-period  in  repeating  the  instruction 
verbally  as  much  as  was  necessary  in  order  to  keep  everything 
else  out  of  consciousness  (9,  10),  or  else  tried  to  inhibit  all 
thought  without  the  aid  of  the  instruction  (16).  This  subject 
made  the  second  best  record.  When,  however,  he  worked 
under  the  negative  instruction,  he  found  it  difficult  to  keep 
the  instruction.  Evidently  the  attitude  suggested  by  the 
instruction  conflicted  with  his  accustomed  attitude.  At 
one  point  we  notice  he  makes  a  compromise,  in  that  he 
attempts  to  divide  his  attention  between  going  down  a 
straight  line  and  keeping  the  idea  of  not  touching  in  mind 
(17).  His  records,  both  with  the  right  and  the  left  hand,  are 
worse  under  the  negative  instruction,  although  the  first 
records  made  under  these  conditions  were  the  best  he  ever 
made.  This  seems  to  suggest  that  the  negative  instruction 
increased  his  interest  in  the  work  at  first  although  on  the  whole 
it  hindered  him. 

The  breaking  up  of  an  advantageous  attitude  used  under 
the  positive  instruction  by  the  negative  instruction  is  clearly 
seen  in  the  case  of  A.  This  subject  does  much  better  with 
the  left  hand  under  the  positive  instruction  than  with  the 
right,  although  he  does  not  usually  prefer  his  left  hand.  He 
does,  however,  when  using  a  base-ball  bat,  and  he  is  there- 
fore able  when  using  the  left  hand  to  get  very  strong  visual 
imagery  and  we  may  say  a  correspondingly  strong  muscular 
set  by  visualizing  the  situation  on  the  ball  field  and  especially 
the  straight  line  taken  by  the  pitched  ball  (3).  The  strength 
of  this  imagery  also  aids  him  in  keeping  the  idea  of  the  sides 
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out  of  conscioug&eBS.  He  is  unable  to  place  himself  in  a 
similar  attitude  with  the  right  hand  and  hence  the  above^ 
mentioned  poor  result.  And  further  this  imagery  cannot 
bear  for  him  the  meaning  of  the  negative  instruction.  He, 
therefore,  avoids  all  visual  imagery  for  the  left  hand  under 
this  instruction,  merely  repeating  the  negative  instruction 
verbally.  His  records  show  that  he  is  able  to  go  only  half 
the  distance  he  went  under  the  positive  instruction.  If  we 
examine  the  introspection  of  the  main  period  about  to  be 
quoted,  we.  shall  find  a  possible  explanation  for  the  results 
with  the  right  hand.  We  shall  see  that  even  under  the 
positive  instruction  with  the  right  hand  a  more  or  less  nega*- 
tive  attitude  was  assumed.  There  was  not  so  much  an  idea 
of  going  down  the  middle  as  of  avoiding  the  sides.  The 
attention  was  on  the  control  of  the  hand  to  prevent  it  waver- 
ing. It  is  also  difficult  for  him  to  keep  the  idea  of  the  sides 
out  of  consciousness.  In  other  words  the  inhibitory  process 
was  uppermost.  Under  the  negative  instruction  there  can, 
therefore,  be  little  change  of  attitude.  The  numerical  re* 
suits  seem  to  bear  out  this  introspection,  for  the  very  slight 
indication  of  improvement  in  the  right  hand  under  the  nega* 
tive  instruction  can  very  well  be  due  merely  to  practice. 

Main  Period 

Subject  A 

Positwe, — (47)  R.  h.  Wh^n  I  ran  off  to  the  side  I  had  a  visual  image  of  a  branch 
of  the  line  which  seemed  to  pull  the  point  over.  (46)  L.  h.  I  was  not  as  concentrated 
upon  the  groove,  because  more  of  my  attention  was  given  to  the  control  of  my  arm  in 
order  to  keep  my  hand  from  going  back  and  forth.  I  lose  the  visual  image  of  the  groove 
when  my  hand  goes  off  to  the  side.  (49)  R.  h.  When  the  point  goes  to  the  edge  I 
seetn  more  conscious  of  the  brass  edge  than  of  the  central  line.  I  tty  to  avoid  the  edge. 
CThii  is  a  negativ«  attitude.  No  further  analysb  was  obtainable.)  (50)  L.  h.  At 
•oon  ae  I  go  off  the  line  there  is  an  effort  to  bring  the  hand  back.  The  idea  of  drawing 
back  the  hand  is  somehow  present.  (Negative  attitude  again.)  (51)  R.  h.  When  I 
get  half  way  down  I  do  not  as  a  rule  seem  able  to  keep  the  idea  of  the  sides  out  of  mind. 
Tins  I  succeeded  in  doing  when  I  made  the  best  record.  (51)  L.  h*  I  can  keep  im 
mind  the  path  I  am  to  follow  so  much  easier  with  the  left  hand.  (55)  R.  h.  As  I 
deviate  from  the  line  the  idea  of  going  down  the  middle  leaves  my  mind  and  the  sides 
take  a  prominent  place  in  consciousness.  (54)  R.  h.  As  my  hand  begins  to  waver  the 
instructions  are  lost.  As  long  as  I  run  steadily  tfae'lnstrtictioiis  seem  well  in  mind. 
The  waYeiing  at  the  upper  end  does  not  seem  to  cause  the  instruction  to  vanish  as 
ofDsa  as  the  wavering  at  the  more  critical  points.  (55)  L.  h.  I  was  not  conscious  of 
the  sides.    The  instruction  was  well  in  mind  all  the  way  (record  o  cm.). 
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Neg4twt.'^(S^)  R.  h.  At  the  point  approached  one  of  the  sidea  the  instnictioii 
came  up  aa  an  auditory  image  and  I  tried  to  go  toward  the  other  aide.  (57)  L«  h.  The 
wavering  of  attention  from  one  tide  to  the  other  oonfuaed  me  to-day.  (57^)  R*  h. 
The  instruction  faded  out  only  to  come  up  again  when  I  approached  one  aide  or  the 
other.  Then  there  came  the  desire  to  push  away  from  the  aide  and  with  it  a  visual 
image  of  a  wavy  motion.  (58)  L.  h.  The  same  aa  before*  Something  seemed  to 
make  me  go  the  other  way  when  I  approached  the  side.  I  believe  it  was  an  auditory 
image  of  the  instruction,  although  it  might  have  been  a  kinesthetic  one.  (59)  R.  h. 
It  seemed  as  if  nothing  were  in  mind  until  I  reached  the  critical  point*  then  the  recall 
of  the  instruction  inhibited  the  movement  (toward  the  side).  (60)  L.  h-  I  had  a 
visual  image  of  a  wavy  line  in  the  lower  part  of  the  path.  When  I  neared  the  end  there 
was  a  tendency  to  stop  to  get  my  bearings.  I  noticed  visceral  aensations  when  I 
approached  the  sides.  They  seemed  to  bring  up  the  instructions.  (61)  R.  h.  The 
checking  of  the  movement  and  the  coming  up  of  the  instruction  seemed  to  occur  at  the 
same  time.  There  were  kinesthetic  sensations  in  the  tongue.  (6a)  R.  h.  I  had  a 
tickling  sensation  in  the  arm  aa  I  neared  one  side  or  the  other.  (63)  L.  h.  I  was  less 
conscious  of  the  instruction.  It  was  more  that  I  neglected  it  than  that  it  waa  difficult 
to  keep  it  in  mind.    When  I  approached  the  sides  it  came  up  again. 

Subji€t  B 

Positive  Instruction. — (64)  R.  h.  There  was  only  present  the  auditory  image  of 
the  instruction.  (65)  L.  h.  The  same  as  above  except  that  when  my  hand  began  to 
waver  my  attention  was  directed  to  it.  (66)  R.  h.  I  tried  to  banish  everything  else 
out  of  consciousness.  For  example  in  one  instance  I  said  to  myself  "No  mice!"  (67) 
L.  h.  My  mind  this  morning  was  more  on  the  movement.  The  instruction  seemed  to 
blend  with  the  movement.  (His  best  record  with  the  left  hand.)  (68)  R.  h.  When 
something  came  to  my  mind  I  did  not  make  as  great  an  effort  to  banish  it.  (Record  74 
cm.  Not  as  good  as  last  time.)  (69)  L.  h.  I  started  my  hand  and  let  it  go.  The 
instruction  was  not  in  mind.     (Slightly  poorer  record  than  the  previous  one.) 

Negative  Instruction. — (70)  R.  h.  I  watched  the  needle  carefully  and  if  it  wavered 
I  brought  it  back.  (71)  L.  h.  Even  though  I  did  not  repeat  the  instruction  it  must 
have  been  in  some  way  represented,  for  if  the  point  went  toward  the  side  I  immediately 
tried  to  bring  it  back.  (72)  R.  h.  When  I  made  a  bad  record  I  repeated  the  instruc- 
tion. My  hand  was  always  in  a  tense  condition.  When  I  went  to  the  right  or  left, 
there  was  a  decided  effort  to  bring  the  hand  back.  (73)  L.  h.  I  experimented  in 
keeping  the  instruction  in  mind  and  seeing  if  the  hand  would  follow  it  of  its  own  accord 
(record  9.1  cm.).  It  seemed  easier  than  with  the  right  hand  to  keep  the  instruction 
in  mind.  (Better  record  than  with  the  right  hand.)  (74)  R.  h.  When  I  struck  at 
ZO  cm.  I  was  not  successful  in  keeping  other  things  out  of  my  mind.  There  was  a 
tension  in  the  muscles  of  the  hand.  (75)  L.  h.  It  is  not  as  difficult  to  keep  the  instruc- 
tion in  mind  (better  record).  (76)  R.  h.  The  instruction  was  in  the  margin  of  atten- 
tion all  the  time.  When  my  hand  moved  to  the  side  I  brought  it  back.  (That  ia, 
his  attention  was  on  that  feature  of  the  task.)  (77)  L.  h.  The  instruction  left  more 
often  and  the  movement  of  the  hand  persisted  in  coming  into  consciousness  more 
frequently  and  the  more  it  did  the  worse  I  did.  (Record  12.5  cm.  The  worst  record 
he  ever  made.  The  movement  evidently  became  too  prominent  in  consciousness, 
inhibiting  the  effect  of  the  instruction.)  (78)  R.  h.  I  noticed  continually  whether 
the  point  went  to  one  side  or  the  other.  This  kept  other  things  out  of  consciousness. 
(Here  he  had  a  visual  impression  of  the  movement.    In  the  previous  series,  he  prob- 
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ably  had  kinesthetic  imagery,  which  entirely  inhibited  the  instruction  as  well  as  every- 
thing else.)  (79)  L.  h.  There  was  more  or  less  tension  in  the  hand.  The  other  hand 
was  clenched.  When  I  started  the  instruction  was  only  faintly  in  mind  while  the 
attention  was  centered  on  the  point.  (80)  R.  h.  There  was  no  difficulty  in  keeping 
other  things  out  of  consciousness  this  morning.  I  did  notice  tension  in  the  muscles, 
however.     (Record  9  cm.    Only  excelled  by  the  first  record  of  the  series.) 

Subject  C 

Positive  Instruction, — (81)  R.  h.  The  idea  of  going  out  of  a  straight  line  seemed 
to  occur  before  the  movement.  I  had  to  renew  a  picture  of  the  straight  line.  (82) 
L.  h.  It  was  more  difficult  to  keep  the  image  of  a  straight  line.  It  kept  disappearing. 
(83)  R.  h.  It  seemed  as  if  the  line  were  falling  down  the  side  of  a  steep  embankment 
toward  the  side  of  the  instrument.  It  was  impossible  to  project  the  line  far  beyond 
the  point.  (Due  to  its  going  toward  the  side?)  (84)  When  the  hand  went  to  the  side 
the  visual  image  of  the  line  changed  its  path  and  came  back  to  the  straight  path  before 
the  hand  did.  (85)  L.  h.  When  I  went  to  the  4.5  cm.  mark  I  had  an  excellent  control 
of  the  visual  ima^.  (86)  R.  h.  Only  once  could  I  keep  the  visual  image  of  the 
straight  line  in  consciousness.  (Then  he  made  the  best  record  of  the  day,  4  cm.  The 
average  for  the  day  was  the  highest  of  the  series.)  (87)  L.  h.  It  was  difficult  for  me 
to  carry  the  instruction  for  any  length  of  time.  My  thought  centered  on  the  left  hand. 
(Notwithstanding  this  difficulty  he  made  the  best  record  of  the  series  with  the  left 
hand.)  (88)  R.  h.  When  the  point  touched  I  experienced  a  mental  blank.  This 
seemed  simultaneous  with  the  touching,  as  far  as  I  can  say 

Negahioe  Instruction, — (89)  R.  h.  There  was  present  the  idea  of  avoidance.  (No 
further  analysis  was  given.)  (90)  L.  h.  There  was  the  fear  of  touching  the  sides.  (91) 
L.  h.  Before  I  touched  the  side  I  was  conscious  of  eye  movements,  combined  with 
the  auditory  image  "You  looked."  (92)  R.  h.  There  was  the  visual  image  of  being 
in  a  long  shaft,  accompanied  by  great  eye  strain.  The  instruction  took  the  form  of  a 
straight  line.  I  could  not  keep  the  negative  in  mind.  (93)  R.  h.  There  was  a  strain 
in  the  back  of  the  neck,  which  became  very  intense  as  I  neared  the  end  of  the  groove. 
(94)  L.  h.  It  was  quite  difficult  to  keep  the  instruction  in  mind,  quite  decidedly  more 
so  than  with  the  right  hand;  I  noticed  no  tension  except  in  one  trial.  (Record  15.5 
cm.,  the  worst  of  the  series.)  (95)  R.  h.  I  repeated  auditorily  "Do  not  touch  those 
things."  (96)  L.  h.  I  was  frightened  when  I  touched.  (97)  L.  h.  The  image  kept 
fading  a  great  deal  sooner  toward  the  end  with  this  hand  than  with  the  right. 

Subject  D 

Positive  Instruction, — (98)  R.  h.  There  was  auditory  kinesthetic  imagery,  "I 
must  keep  in  the  middle."  My  attention  seemed  on  the  point  when  I  did  best.  (99) 
L.  h.  When  I  did  well  I  was  not  thinking  about  it.  (That  trial  he  went  to  the  2  cm. 
mark.)  (100)  The  first  few  trials  I  forgot  the  middle  path  and  tried  to  keep  my 
balance.  In  the  last  part  the  motor  set  of  going  down  a  straight  line  was  in  mind, 
(loi)  R.  h.  There  was  the  kinesthetic  sensations  of  a  sweeping  motion  and  no  par- 
ticular thought  of  the  sides.  Sometimes  I  had  a  visual  image  of  the  path  ahead  of  the 
point.  (102)  L.  h.  When  I  did  best  there  was  the  consciousness  of  a  steady,  even 
movement.  The  instruction  was  in  mind  as  a  straight  even  sweep.  (Form  of  imagery 
not  given.)  (103)  R.  h.  The  instruction  was  not  prominent.  It  seemed  as  if  it  dis- 
appeared just  before  the  point  touched.  (104)  L.  h.  I  tried  harder  to  keep  the  instruc- 
tion in  mind  this  time.    The  imagery  was  more  visual.     (Record  10.3.) 
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Negative  Instruction, — (105)  R.  h.  I  found  it  very  hard  to  keep  the  instruction  in 
mind.  In  fact  I  tried  to  forget  it.  When  I  did  think  of  the  instruction  I  had  a  sensa- 
tion of  dizziness.  When  I  hit  I  was  thinking  of  the  instruction.  If  I  forgot  the  instruc- 
tion I  felt  myself  going  along  smoothly.  (106)  L.  h.  I  thought  I  must  keep  the 
instruction  in  mind  and  struck  sooner  than  when  my  mind  wandered.  (107)  R.  h. 
There  was  much  trouble  in  retaining  the  instruction.  I  wanted  to  go  down  the  middle 
instead.  There  was  the  muscular  sensation  of  holding  the  stylus  steady.  (108)  L.  h. 
I  did  not  repeat  the  instruction  often  to  myself.  There  was  present  the  auditory 
kinesthetic  imagery  "When  it  goes  out  of  the  middle  pull  it  back."  I  had  an  idea  that 
the  instruction  was  working  this  time.  (10.3  cm.  Second  best  record.)  (109)  R.  h. 
I  was  conscious  of  the  sides  and  of  watching  the  needle  and  pulling  it  back.  There 
was  tension  in  mouth,  shoulders  and  arms,  (no)  L.  h.  As  I  saw  the  point  approach 
I  said  "Come  away  from  there."  My  mind  wandered  much  more  with  this  hand* 
(14.9  cm.)  (in)  R.  h.  I  was  conscious  of  intention  to  watch  the  point  and  to  pull 
it  back.  There  was  visual  and  verbal  imagery  with  some  sensation  of  pulling  the  point 
back.  The  instruction  tended  to  disappear  and  I  kept  repeating  it.  (i  12)  L.  h.  This 
time  I  did  not  repeat  the  instruction  so  much.  It  remained  in  the  margin  of  conscious- 
ness. (9.1  cm.  The  best  record  with  the  left  hand.)  (113)  R.  h.  The  instruction 
was  dim.  There  was  sensation  of  tension  and  a  feeling  of  an  orderly  progressive  move- 
ment in  a  straight  line.  Once  or  twice  I  realized  I  was  not  thinking  of  the  instruction. 
When  I  knew  I  was  doing  well  I  did  not  try  to  hold  the  instruction.  (6,6  cm.  The 
best  record  with  the  right  hand.)  (114)  L.h.  I  was  more  conscious  of  the  instruction 
and  the  effort  to  hold  it. 

Subject  E 

Positive  Instruction, — (115)  R.  h.  When  visual  imagery  was  present  I  felt  a 
much  greater  steadiness  in  my  arm.  If  my  mind  wandered  so  did  my  hand.  (116) 
R.  h.  There  was  a  feeling  of  tension  when  I  started  down.  The  instruction  was  con- 
stantly in  mind.  (117)  L.  h.  I  was  not  able  to  get  as  definite  an  image  of  the  line 
down  the  center  and  it  was  harder  to  keep  it  after  I  did  get  it.  I  was  more  conscious 
of  kinesthetic  sensations  than  with  the  right  hand.  (118)  R.  h.  There  was  a  great 
effort  to  hold  the  hand  in  the  center  and  that  broke  up  the  visual  imagery.  With  an 
•effort  I  brought  back  the  visual  imagery.  When  my  hand  wandered  it  at  once  brought 
up  the  instruction.  (119)  L.  h.  When  I  touched  the  side  I  was  attending  to  the 
movement  rather  than  to  the  visual  imagery.  When  I  went  furthest  I  was  able  to 
retain  a  distinct  visual  image.  (120)  R.  h.  Usually  after  I  touched,  the  visual  imagery 
-disappeared.  Once  or  twice  this  occurred  just  before  I  touched.  I  noticed  a  tendency 
to  waver  whenever  I  lost  the  instruction.  (121)  L.  h.  It  seemed  that  as  the  auditory 
imagery  decreased,  the  visual  imagery  increased  in  vividness.  (122)  L.  h.  It  seems 
£M  if  the  instruction  goes  out  of  mind  just  before  I  touched.  (He  was  asked  to  report 
upon  this  point.) 

Negatioe  Instruction, — (123)  R.  h.  There  was  a  visual  image  of  the  two  sides. 
The  possibility  of  two  sides  prevented  a  steady  concentration.  I  went  furthest  when 
die  old  instruction  came  back  to  me.  (124)  L.  h.  There  was  a  greater  tendency  for 
concentration  to  be  inhibited.  (125)  R.  h.  I  made  the  poorest  record  when  I  could  not 
keep  the  instruction  in  mind.  I  watched  the  point  and  brought  it  back  when  it  neared 
the  side.  (126)  L.  h.  My  attention  was  divided  between  the  two  sides.  (127)  L.  h. 
I  inhibited  the  visual  image  of  the  line  as  it  interfered  with  the  instruction.  There  was 
a  tension  in  the  arm.  I  think  the  time  I  went  furthest  I  lost  sight  of  the  instruction. 
I  seemed  to  have  my  eye  on  the  side  and  when  my  hand  went  to  the  side  I  pulled  it 
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back  natofnaticalty.  (ia8)Lteh.  TeBaioft  was  very  decided.  Tlie  grester  the  tensioa 
tiie  raoie  fuccewful  I  was.  It  seemed  that  whenever  I  touched  the  side  the  tefiskm 
was  somewhat  relaxed.  (129)  L.  h.  I  couid  note  a  defixMte  correlation  befween 
teasion  and  toudiing  the  side  and  vividness  of  instructiott  and  touching.  When  the 
instruction  faded  from  my  mind  I  most  often  touched.  (130)  R.  h.  My  arm  and 
whole  body  were  rigid.  (131)  L.h.  I  was  not  able  to  feel  as  tense.  There  was  not  a 
^ling  ei  steadiness.  It  was  slightly  more  difficult  to  keep  the  instruction  in  mind.. 
(He  made  a  slightly  better  record,  however.) 

Upon  ezamining  thU  introspection  we  find  that  there  are 
two  important  characteristics  of  the  conscious  representation 
of  the  negative  instruction,  the  inhibitory  set  as  seen  in  a 
tension  of  the  muscles  of  the  hand^  the  back  of  the  neck  and 
sometimes  of  the  whole  body  (72,  74,  79,  91,  93,  109,  128) 
and  a  focusing  of  the  attention  upon  the  movement  of  the 
stylus  (70,  71,  109,  III,  127).  In  the  latter  case  the  verbal 
instruction  is  not  infrequently  either  in  the  margin  of  con- 
sciousness or  entirely  absent  as  a  conscious  element.  The 
repetition  of  the  instruction  in  the  fore-period  may  be  suf- 
ficient to  enable  it  to  continue  through  the  main  period  as  a 
determining  tendency  in  the  form  of  a  neural  set.  The 
perception  of  the  movement  to  the  right  or  the  left,  which 
by  the  force  of  the  instruction  immediately  occupies  the 
fovea  of  attention,  induces  directly  an  inhibitory  action  and 
the  hand  is  drawn  back. 

A  further  difference  is  seen  in  the  greater  difficulty  ta 
keep  in  mind  the  verbal  negative  instruction  (92^  105,  107^ 
no).  It  seems  probable  that  this  is  due  to  the  fact  that  the 
instruction  in  its  verbal  form,  "Do  not  touch  the  sides,'^ 
suggests  the  idea  of  touching  or  at  least  the  idea  of  the  sides, 
and  as  this  is  opposed  to  the  purpose  of  the  task,  it  is  more  or 
less  suppressed  by  the  determining  tendency  and  instead  is 
represented  by  some  form  of  imagery  which  directly  aids  the 
movement  and  at  the  same  time  adequately  represents  the 
meaning  of  the  instruction. 

In  the  preliminary  report  of  this  work^  mention  was  made 
of  the  fact  that  there  were  indications  of  a  greater  difficulty 
in  keeping  the  instruction  in  mind  for  the  left  hand  than  for 
the  right.     That  is,  there  seemed  to  be  a  coordination  between 

^'The  Clark  Meeting  of  Experimental  Psychologists/  Psychological  BulUtin, 
June,  191 2,  p.  236. 
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the  smoothness  of  the  nerrous  discharge  (assuming  that  the 
left  hand  is  the  unpracticed  hand)  and  the  ability  to  keep  the 
corresponding  imagery  in  consciousness.  There  are  excep« 
tions,  as  may  be  seen  in  the  above  introspectioo,  when  a 
greater  ease  was  reported  for  the  left  hand  and  even  as 
regards  the  movements  of  the  right  hand  we  have  quoted  an 
instance  in  which  this  difficulty  of  retaining  the  imagery  was 
met  with  in  a  case  where  the  record  was  a  very  good  one. 
Yet  on  the  whole  the  data  of  the  completed  tests  bear  out 
this  preliminary  statement  (94,  97,  114,  124).  That  subject 
A  was  able  to  keep  the  instruction  well  in  mind  with  the 
left  hand  is  explained  by  the  unique  association  described 
above,  which  this  subject  made  with  the  left  hand  (52). 

This  brings  us  to  a  survey  of  the  presence  of  imagery  as 
an  accompaniment  of  the  voluntary  act.  In  the  case  of  all 
the  subjects  we  find  some  instances  of  imagery,  but  the 
amount  varies  greatly,  as  does  also  the  difiiculty  they  have  to 
retain  the  desired  imagery  and  the  importance  they  attach 
to  its  presence.  Subjects  C  and  E  frequently  call  up  visual 
imagery  (85,  86,  115,  117,  119,  124,  and  notice  it  especially 
when  the  record  is  good  as  in  8).  In  subject  ^'s  consciousness 
there  is  little  representation  of  the  instruction  until  the  point 
wavers,  when  it  appears  in  verbal  form.  His  are  the  best 
results.  In  54  and  55  we  find  exceptions.  Here  the  in* 
struction  is  in  consciousness  and  the  results  good.  Subject  B, 
who  has  the  second  best  record,  has  little  imagery  except  the 
repetition  of  the  instruction,  which  is  done,  partly  at  least, 
to  keep  distracting  thoughts  out  of  his  mind.  When  the 
hand  is  moving  smoothly  and  the  records  are  good  we  find 
entire  absence  of  the  instruction  (99,  112,  113). 

An  attempt  was  made  to  discover  if  the  verbal  instruction 
and  other  imagery  disappeared  just  before  or  at  the  time  the 
point  touched  the  side.  This  was  in  many  instances  difficult 
to  decide.  In  fact  under  almost  any  conditions  the  time 
order  is  one  of  the  most  diflScult  things  upon  which  to  intro- 
spect. That  the  act  of  touching  should,  through  its  disturb- 
ing influence  drive  the  instruction  out  of  mind  is  natural, 
but  that  the  original  imagery  should  persist  until  the  pencil 
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touched,  even  though  the  hand  is  no  longer  following  the 
instruction  but  going  to  the  side,  shows  that  there  is  still 
present  a  will  impulse,  although  may  be  a  most  incipient  one, 
directed  against  the  actual  movement  (88,  120).  That  the 
imagery  under  the  positive  instruction  should  disappear  at 
the  moment  the  point  began  to  deviate  would  be  expected 
(48,  57,  81,  103,  120,  122).  On  the  other  hand  the  negative 
instrution   should    appear   as   the   point    begins   to   waver 

(56,  57,  58,  163). 

As  in  the  fore-period,  so  also  here,  only  in  the  case  of 
subject  D  do  we  find  any  reference  to  imagery  either  visual 
or  kinesthetic  of  the  intended  movement.  This  was  in  the 
form  of  a  kinesthetic  sensation  of  a  sweeping  motion  down 
the  board  (100,  loi,  102). 

Conclusions 

Although  the  foregoing  facts  are  gathered  from  only  five 
subjects  during  the  short  period  of  four  months  they  suggest 
the  following: 

1.  The  variations  in  the  average  of  ten  tests  on  the 
accuracy  of  movement  for  one  individual  from  week  to  week 
are  so  great,  for  example  3.8  cm.  one  week  followed  by  8.1 
cm.  on  the  succeeding  test  day,  that  the  results  of  one  day 
cannot  be  taken  as  an  index  of  an  individual's  motor  control. 
It  might  be  argued  that,  as  the  first  tests  are  often  the  best  of 
a  series,  they  might  well  be  taken  as  an  index.  There  are, 
however,  too  many  exceptions  to  justify  this  conclusion. 

2.  Just  as  in  the  reaction  experiments  we  have  two  differ- 
ent attitudes,  a  motor  and  a  sensory,  producing  two  different 
sets  of  results,  so  here  we  have  what  for  want  of  a  better  name 
may  be  termed  a  positive  and  a  negative  attitude  toward  the 
task  and  these  attitudes  also  influence  the  results.  This 
does  not  mean  that  the  subjects  at  times  assumed  only  a 
negative  attitude.  It  would  be  absurd  to  suppose  that  the 
negative,  not  to  touch  the  sides,  could  produce  the  move- 
ment down  the  board.  What  is  meant  is  that  a  negative 
attitude  exists  along  with  a  positive  attitude  either  as  con- 
scious content  or  as  neural  set  and  that  in  many  instances 
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here  described  the  negative  attitude  was  uppermost.  We 
saw  that  at  least  one  subject — A — assumed  a  negative 
attitude  under  a  positive  instruction  and  that  the  results 
cleariy  showed  this.  The  indications  are  that  the  best  work 
is  done  under  the  positive  instruction,  but  this  may  vary  in 
individuals,  Subject  A  adopted  voluntarily  the  negative 
attitude  for  the  right  hand.  Whether  this  was  the  best  for 
the  neural  arc  of  that  hand  or  whether,  if  he  had  forced  him- 
self into  a  positive  attitude,  his  results  would  have  been  better 
cannot  be  answered  here.  Certainly  in  consideration  of  these 
results  the  wording  of  the  instruction  becomes  important. 
In  laboratory  experiments  the  introspection  to  ascertain  what 
is  the  actual  attitude  is  essential.  With  untrained  subjects, 
especially  with  children,  this  is  impossible.  A  uniform 
attitude  can,  however,  be  suggested  by  the  experimenter 
and  at  least  partially  obtained  by  emphasis  and  explanation. 
4.  Except  in  the  case  of  one  subject,  Z),  and  once  with  A^ 
neither  in  the  fore-main  or  main  period,  under  the  positive 
or  negative  instruction,  was  there  any  imagery  of  the  intended 
movement.  Although  there  were  considerable  individual 
diflFerences,  the  usual  conscious  content  aside  from  the  verbal 
instruction  was  a  representation  of  the  end  or  result  to  be 
obtained,  especially  under  the  positive  instruction.  It  must 
be  remembered  that  this  was  a  movement  requiring  accuracy 
and  skill.  We  know  that  under  similar  conditions  in  daily 
life  this  is  the  attitude  assumed.  The  pitcher  sees  the  ball 
cutting  the  plate,  the  bowler  sees  the  line  which  the  ball 
makes.  In  the  questionary  sent  out  by  Professor  Thorndike^ 
the  majority  of  the  psychologists  preferred  the  statement  "To 
make  your  spear  fly  straight  and  pierce  the  breast  of  your 
enemy,  it  is  useful  to  imagine  the  spear  striking  him  full  in 
the  breast"  to  the  following:  "To  make  your  spear  fly  straight 
and  pierce  the  breast  of  your  enemy,  it  is  useful  to  think 
hard  of  the  visual,  tactile  and  kinesthetic  sensations  origi- 
nally produced  by  the  performance  of  the  movement  itself." 
Aside  from  the  auditory  imagery  of  the  instruction,  the 
visual  imagery  of  the  result  best  sets  off  the  several  neural 

^  'Ideo-Motor  Action/  Psychological  Review,  March,  1913. 
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arcs.  An  act  of  skill  requires  a  smooth  movement,  which 
is  produced  by  the  proper  innervation  of  a  group  of  muscles. 
If  the  attention  were  on  the  movement,  one  particular  part 
of  the  movement  is  liable  to  receive  undue  emphasis  and  the 
desired  result  will  not  be  obtained.  The  end  result — ^in  our 
work  a  visual  image  of  the  line  to  be  traversed — is  related  by 
experience  to  each  group  of  muscles  equally  and  therefore 
best  serves  the  purpose. 

If,  as  according  to  the  ideo-motor  theory,  an  idea  tends  to 
produce  the  movement  it  resembles,  then  it  seems  more 
than  likely  that,  taught  by  experience,  it  would  have  been  an 
image  of  the  movement,  either  visual  or  kinesthetic,  which 
our  subjects  would  have  most  often  selected.  That  with  the 
above-mentioned  exceptions  not  one  of  our  subjects  did  so, 
speaks  against  this  form  of  the  theory.  This  is  in  support 
of  the  doctrine  set  forth  by  Thomdike.^ 

5.  The  negative  attitude  was  characterized  in  the  case  of 
all  the  subjects  by  an  initial  innervation  of  antagonistic 
muscles,  which  innervation  had  its  conscious  representation 
in  a  feeling  of  tension  at  times  extending  to  muscles  other 
than  those  to  be  inhibited. 

6.  There  were  subjects  who  required  imagery,  visual  and 
kinesthetic,  in  order  to  carry  out  the  movement.  There 
were  also  those  who  needed  only  the  instruction  verbally  and 
at  times  not  even  that.  A  repetition  of  the  instruction  in 
the  fore-period  would  set  off  a  sufficiently  strong  determining 
tendency,  so  that  all  that  was  necessary  was  to  add  another, 
a  negative  tendency,  i.  ^.,  that  of  keeping  all  else  out  of  con- 
sciousness. Even  those  who  required  visual  imagery  re- 
ported that  an  especially  good  result  was  obtained  without 

^  Op.  cU.  See  also  hU  'Elements  of  Psychology/  pp.  281-284.  Our  data  are  also 
in  accord  with  C.  T.  Burnett's  as  published  in  ^An  Experimental  Test  of  the  Classical 
Theory  of  Volition.  Studies  in  Philosophy  and  Psychology/  pp.  393-401.  Further 
we  find  our  results  supporting  Thomdike*s  statement  in  his  'Ideo^Motor  Theory/  p« 
100:  ''The  rule  is  that  a  mere  likeness  does  nothing;  when  ...  an  increase  in  likeness 
goes  with  a  decrease  in  the  strength  of  the  habit's  bonds,  likeness  has  the  appearance 
of  diminishing  an  idea's  potency  to  arouse  its  act;  when  greater  likeness  of  an  idea 
to  an  act  implies  greater  frequency  of  the  idea  as  a  situation  leading  to  the  act  in  past 
behavior,  then  greater  likeness  has  the  appearance  of  increasing  the  tendency  of  the 
idea  to  arouse  that  act."    Compare  the  attitude  assumed  by  B  with  his  left  hand. 
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the  instruction  being  represented.  Those  who  trusted  most 
to  a  non^represented  determining  tendency  did  the  best. 
This  seems  to  suggest  that  the  progress  in  muscular  control  is 
inversely  proportional  to  the  amount  of  imagery  employed. 
In  the  beginning  imagery  is  required.  As  the  control  becomes 
better  the  imagery  may  drop  out.  If  the  coordination  is 
still  imperfect  a  comparatively  successful  movement  is  only 
obtained  when  the  imagery  is  present.  As  in  the  case  of  E 
there  is  a  good  correlation  between  relatively  satisfactory 
movement  and  permanence  of  imagery.  On  the  other  hand 
there  are  probably  those  who  inherit  more  or  less  perfect 
coordination  and  with  such  persons  the  imagery  may  dis- 
appear within  a  very  short  time.  These  are  generally  the 
skillful  persons  and  they  can  as  a  rule  give  you  the  least 
information  as  to  how  they  performed  the  task. 

Finally  the  attitude  of  keeping  all  else  out  of  consciousness 
is  also  significant.  That  is  essential  to  skillful  movement. 
A  determining  tendency  is  at  once  inhibited,  at  least  partially, 
by  the  entrance  of  a  foreign  thought.  This  suggests  a  reason 
why  a  certain  type  of  mind  is  unskilled  in  movement,  that  is, 
the  imaginative  type,  which  is  continually  thinking  of  other 
associated  things.  As  there  are  more  of  the  imaginative 
type  among  the  intellectual,  so  it  is  not  surprising  that  there 
is  more  motor  skill  among  the  non-intellectual.^ 

It  would  seem  that  when  E.  C.  Rowe  says  that  "in  matters 
of  control  ideational  processes  are  only  vicarious  and  supple- 
mentary,   and   even    then    their   functional   value   may   be 

*  Bolton,  T.  L.,  *The  Relation  of  Motor  Power  to  Intelligence/  A,  J,  of  Psych,,  14, 
1903,  pp.  615-63 1.  The  statement  of  Professor  J.  B.  Watson  in  his  article  *  Psychology 
and  Behavior/  Psychological  Review,  March,  1913,  pp.  174,  that  "It  has  been  shown 
that  improvement  in  habit  comes  unconsciously.  The  first  we  know  of  it  is  when  it  is 
achieved,  when  it  becomes  an  object.  I  believe  that  consciousness  has  just  as  littie 
to  do  with  thought  processes"  is  not  in  contradiction  to  my  exposition,  if  I  interpret 
Watson's  view  correctiy.  The  subject  is  probably  not  conscious  of  the  improvement. 
It  would  be  a  fallacy  to  suppose  that  he  interpreted  the  amount  of  imagery  in  terms  of 
degrees  of  practice.  This  relation  is  found  by  the  experimenter  after  an  examination 
of  the  results  of  introspection.  In  the  last  sentence  if  'to  do'  is  meant  to  imply  an 
interaction,  then  I  should  say  the  statement  is  correct.  If,  however,  a  correlation 
between  conscious  states  and  degrees  of  improvement  is  found,  then  the  amount  of 
conscious  content  does  stand  as  an  index  of  this  improvement  and  in  that  sense  it  has 
*to  do'  with  the  improvement. 
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questioned.-  Control  is  necessarily  perceptual  and  sensory** 
he  overlooks  the  fact  that  the  ideational  processes  represent 
the  determining  tendencies  and  that  it  is  only  when  this 
representation  is  present  that  we  should  speak  of  a  fully 
conscious  voluntary  movement,  that  is,  a  movement  in  its 
highest  stage  of  development,  before  the  short-circuiting  in 
the  lower  centers  has  begun.^ 

*  Sec  E.  C.  Rowe,  'Voluntary  Movement/  A,  J.  of  Psych,,  21,  1910,  p.  562. 
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EXPERIMENTAL  CONDITIONS 

In  the  spring  of  191 2  Agostino  Levanzin,  a  lawyer  by  pro- 
fession came  from  Malta  to  undergo  a  prolonged  fast  at  the 
Nutrition  Laboratory  of  the  Carnegie  Institution  of  Washing- 
ton in  Boston.  It  was  deemed  advisable,  in  order  to  have  as 
complete  an  investigation  as  possible  of  all  the  conditions  during 
fasting  to  supplement  the  physiological  by  mental  tests.  It  is 
the  purpose  of  this  paper  to  present  the  results  of  the  latter. 

Levanzin  has  for  a  number  of  years  been  interested  in  the 
subject  of  fasting,  believing  that  most  human  ills  can  be  cured 
by  abstinence  from  food  for  a  long  period  of  time.  He  had  al- 
ready made  one  fast  of  forty  days.  It  was  his  claim  that  during 
that  period  all  his  mental  faculties  so  increased  in  efficiency,  that 
he  could  hear,  see,  smell  and  think  better  and  that  on  the  26th 
day  he  was  able  to  plead  a  case  in  the  law  court.  His  ostensible 
purpose  in  coming  to  America  was  to  substantiate,  if  possible  by 
strict  scientific  methods  his  own  casual  observations.  It  is  de- 
sired to  emphasize  this  attitude  in  order  to  convey  an  idea  of  the 
keen  interest  which  he  showed  during  the  tests  and  the  willing- 
ness with  which  he  attempted  to  fulfil  all  conditions,  a  co- 
operation the  thoroughness  of  which  might  have  been  doubted 
in  the  case  of  a  man  fasting  merely  for  pay. 

liefore  his  first  fast  he  weighed  about  one  hundred  and  eighty 
pounds  and  after  the  fast  140  pounds.  When  he  arrived  at  the 
laboratory  his  weight  was  134  lbs.,  at  the  end  of  the  fast  106  Ibs.^ 
He  was  a  man  of  40  years  of  age,  of  medium  height  and  slender. 
When  not  in  conversation  his  manner  was  languid  and  it  is 
perhaps  due  partly  to  this  that  he  seemed  to  lack  physical  strength 
and  vigor.  In  temperament  he  is  of  the  decidedly  emotional 
southern  type,  sensitive,  quick  to  anger,  loquacious,  credulous 
and  fertile  in  imagination.  This  last  characteristic  is  probably 
responsible  for  the  fact  that  the  unusual  appeals  to  him.  Once 
having  espoused  a  cause  or  entertained  an  idea  he  holds  to  it 

*  There  was  an  almost  steady  decrease  of  about  one  pound  a  day. 
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tenaciously.    He  is  a  man  of  a  few  fixed  ideas  or  complexes 
which  form  the  basis  of  his  mental  life. 

L.  arrived  at  the  laboratory  on  the  afternoon  of  April  loth. 
He  took  his  last  meal  on  the  evening  of  April  13th  and  his  fast 
was  considered  to  date  from  the  morning  of  the  14th.  Abso- 
lutely nothing  but  750  cc  of  distilled  water  daily  passed  his  lips 
during  the  thirty-one  days.  He  lived  on  a  balcony  in  the  labora- 
tory, slept  at  night  in  the  calorimeter  and  was  watched  con- 
stantly. His  luggage  was  examined  on  his  arrival  and  all  of 
his  mail  was  opened  at  his  request  in  order  to  preclude  every 
possibility  of  his  receiving  a  stimulant  through  those  sources. 
His  daily  program  consisted  of  tests  by  different  specialists  and 
varied  but  slightly.  His  leisure  he  spent  in  reading  and  writing 
and  receiving  guests.  Unfortunately  the  weather  for  a  good 
part  of  the  time  was  unfavorable,  but  when  possible  he  went  on 
the  roof  for  an  hour  or  took  a  ride  in  an  open  carriage  with 
an  attendent. 

The  tests  herein  described  lasted  from  April  11  to  May  15th 
inclusive.^  Food  was  taken  on  April  loth,  nth,  12th,  and  13th 
and  again  on  May  isth.  The  intervening  31  days  were  fast 
days.  The  psychological  tests  were  made  at  five  p.  m.  each 
day  and  lasted  one  hour.  During  the  half  hour  before  the  tests 
he  rested.^ 

From  the  above  it  is  seen  that  the  psychological  tests  were 
made  under  as  nearly  as  possible  ideal  conditions.  Alone  from 
the  fact  of  the  complete  control  of  diet  and  occupation  the  tests 
seemed  worth  the  attempt,  for  it  is  seldom  that  psychological 
experiments  can  be  conducted  over  such  a  length  of  time  under 
such  constant  conditions.  Perfect  as  they  were,  however,  one 
factor  important  to  mental  measurement  was  found  to  vary, 
that  is  the  mood  of  the  subject.  As  far  as  L's  willingness  to  co- 
operate is  concerned  there  was  nothing  to  indicate  to  the  experi- 
menter a  change  in  this  attitude  or  that  his  general  interest  in 

*An   idea  of   his   intelligence   and   interests   may  be  obtained    from   the 
association  reactions.     See  appendix  II. 
•The  tests  on  April  nth  were  tentative  and  are  not  included  in  the  curves. 


PSYCHOPHYSIOLOGY  OF  A  FAST  3 

• 

the  work  relaxed  at  any  period  of  the  series.  On  the  other 
hand  there  is  no  doubt  that  he  was  happier  during  the  first  days, 
rather  depressed  and  silent  in  the  middle  and  somewhat  irritable 
and  excitable  toward  the  end,  although  this  irritation  was  at  no 
time  directed  toward  the  tests.  The  greatest  depression  occurred 
after  a  prolonged  continuation  of  bad  weather  and  very  much 
decreased  after  he  was  able  to  go  out  in  the  air.  He  was  also 
much  happier  after  having  received  visitors.  He  himself  re- 
marked that  the  monotony  of  the  program  was  the  most  difficult 
thing  he  had  to  endure.  As  to  his  physical  condition  he  made 
few  complaints.  He  felt  well  throughout  and  insisted  that  he 
had  no  sense  of  hunger,  not  even  during  the  first  days.*  The 
only  discomfort  of  which  he  spoke  was  the  coated  condition  of 
his  tongue  and  the  unpleasant  taste  in  his  mouth.  It  was  his  idea 
that  the  fast  should  continue  until  this  disappeared  and  it  was 
for  this  reason  that  he  was  toath  to  break  his  fast  on  the  31st 
day.'  Although  he  seemed  more  feeble  toward  the  end  of  the 
fast  and  gave  one  the  impression  of  a  man  convalescing  from 
a  weakening  illness,  yet  he  was  always  able  to  walk  without  as- 
sistance and  at  no  time  was  it  necessary  to  omit  or  alter  a  test 
through  lack  of  strength  on  his  part.  On  May  isth,  the  day  he 
broke  his  fast,  he  suffered  severe  colic  induced  by  the  food 
he  ate  and  although  tests  were  made,  the  conditions  were  most 
unfavorable.  It  had  been  planned  to  continue  the  examination 
for  several  weeks  longer,  in  as  much  as  such  tests  would  ob- 

*This  h  contrary  to  the  experience  of  most  f asters.  W.  B.  Cannon  and 
A.  L.  Washburn  (An  Explanation  of  Hunger.  Am.  Jour,  of  Physiol.,  1911-12. 
p.  441)  describe  the  feeling  of  hunger  as  follows:  "Hunger  ...  is  a  dull 
ache  or  gnawing  sensation  referred  to  the  lower  mid-chest  region  and  the 
epigastrium.  It  is  the  organism's  first  strong  demand  for  nutriment,  and,  not 
satisfied,  is  likely  to  grow  into  a  highly  uncomfortable  pang,  less  definitely 
localized  as  it  becomes  more  intense.  He  further  states  (p.  442)  :  There  is 
abundant  evidence,  however,  .  .  .  that  during  continued  fasting  hunger  wholly 
disappears  after  the  first  few  days."  Professor  Cannon  has  recently  informed 
the  author  that  from  what  certain  fasters  have  told  him  he  believes  that 
sensa^ons  of  hunger  may  be  absent  from  the  beginning;  that  in  fact  some 
people  may  never  have  the  sensations  of  hunger  as  just  described. 

•Thirty  days  were  considered  sufficient  for  the  physiological  tests  and  he 
was   allowed   one  day   more  to   excell   Succi's   record. 
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viously  be  of  inestimable  value  for  comparison  with  the  fasting 
tests.  Unfortunately  that  was  quite  impossible  under  the  cir- 
cumstances and  an  entire  year  elapsed  before  further  records 
could  be  obtained. 

Several  factors  influenced  the  selection  of  the  tests.  In  the 
first  place  the  time  was  limited.  There  was  only  one  hour  daily 
available  and  it  seemed  advisable  to  arrange  for  as  many  tests 
as  possible  during  this  hour  in  order  to  obtain  a  good  mental 
picture.  It  was  therefore  necessary  to  choose  short  tests  and 
also  those  requiring  the  minimum  of  effort,  as  one  test  had  to 
follow  the  other  without  pause  for  recuperation.  For  example 
prolonged  tests  for  fatigue  would  have  been  of  great  value  but 
they  could  not  be  considered.  In  the  second  place  the  fasting 
began  a  few  days  after  L's  arrival  and  little  time  could  be  de- 
voted to  preliminary  trials  in  order  to  obtain  the  best  combination 
and  the  program  once  arranged  could  not  be  fundamentally 
changed.^  After  consultation  with  Professor  Dodge  a  series  of 
tests  were  selected.  A  few  days'  experience,  however,  showed  the 
necessity  of  several  alterations,  and  the  revised  program  was  as 
follows :  I.  Rote  memory  for  words,  2.  Tapping  test,  3.  Strength 
test,  4.  Tactual  Space  threshold,  5.  Touch  threshold,  6.  Free 
association  and  reproduction  reactions,  7.  Association  reactions, 
genus-species,  8.  Association  reactions;  noun-verb,  9.  Can- 
cellation test,  10.  Hand-writing,''  11.  Visual  acuity,  12.  Memory 
for  words  after  55  minutes.  Later  the  touch  threshold,  which 
was  taken  on  the  under  part  of  the  lower  forearm  with  a  von 
Frey  hair,  was  discontinued  on  account  of  the  impossibility  of 
obtaining  reliable  results  in  a  short  period  of  time.  The  associa- 
tion reaction  genus-species  was  also  omitted  through  difficulty  in 
finding  sufficient  reaction  words  of  equal  simplicity.  In  addition 
to  the  tests  Levanzin  was  requested  to  describe  all  the  dreams 
he  had  on  the  previous  night.®  This  was  given  before  the  visual 
acuity  test.     All  the  tests  with  the  exception  of  that  of  visual 

•A  few  minor  changes  were  introduced. 

*A  superficial  examination  of  the  daily  records  revealed  no  change.     A 
systematic  examination  of  the  data  has  not  yet  been  made. 
*  See  appendix  I. 
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acuity    were    made    in    a    small    room    free    from    disturbing 
influences.^ 

The  general  conditions  of  the  experiments  and  the  nature  of 
the  tests  having  been  described,  each  test  will  now  be  treated 
separately,  first  as  to  the  particular  conditions  and  second  as  to 
the  results. 

Memory  for  Words 

Ten  one  syllable  words  were  chosen  and  these  were  read  twice 
to  the  subject,  who  recalled  as  many  as  possible  immediately 
after  the  second  reading.  After  fifty-five  minutes  the  subject 
again  attempted  to  recall  these  words. 

From  the  curves  it  will  be  seen  that  there  are  marked  fluctua- 
tions, a  circumstance  which  is  always  met  with  in  mental  tests 
and  which  will  be  found  in  all  the  curves.  It  will  therefore  be 
only  possible  to  speak  of  general  tendencies  throughout.  In  the 
curve  for  immediate  rote  memory  (lA)  it  will  be  seen  that  the 
poor  record  made  on  the  eleventh  day  (the  third  day  of  the 
test)  only  occurs  once  again  and  that  on  the  twenty- fourth  day, 
while  a  perfect  score  of  the  ten  words  was  made  three  times  and 
all  of  them  during  the  last  two-thirds  of  the  fast,  so  that 
although  the  initial  records  occur  frequently  toward  the  end,  yet 
the  curve  as  a  whole  shows  a  slight  general  improvement,  but  so 
slight  that  much  significance  cannot  be  attached  to  it.  The  curve 
(IB)  indicating  the  amount  of  retention  after  55  minutes,  on  the 
other  hand  shows  a  more  or  less  steady  improvement  until  near  the 
end  of  the  series  and  even  when  these  last  trials  are  included  the 
general  tendency  of  the  curve  is  decidely  upward.  In  four  in- 
stances and  these  all  in  the  last  two-thirds  of  the  series  the  reten- 
tion curve  crosses  the  rote  memory  curve,  which  means  that  on 
these  days  the  retention  after  the  lapse  of  almost  an  hour  was 
better  than  the  immediate  memory.  Levanzin,  upon  being  ques- 
tioned was  emphatic  in  his  assurance  that  he  never  thought  of  the 
words  in  the  interim,  so  that  this  relative  improvement  in  reten- 
tion was  not  due  to  any  conscious  repetition  during  the  pause. 

•It  is  much  to  be  regretted  that  time  and  conditions  prevented  tests  for 
the  thresholds  of  audition  and  smell. 
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Tapping  Tests 

The  instrument  used  was  similar  to  the  tapping-board  de- 
scribed by  Whipple.  ^^  It  consisted  of  a  board  12  cm.  square 
covered  with  aluminum.  This  metal  is  not  very  well  adapted 
for  the  tapping-board,  but  it  was  selected  for  its  lightness,  it 
being  thought  quite  probable  that  the  tests  would  have  to  be 
made  toward  the  end  of  the  experiments  with  the  subject  lying 
down  and  the  board  resting  on  his  chest.  The  stylus  also  had  an 
aluminum  point.  The  records  were  taken  on  a  kymograph.  The 
tapping  lasted  for  thirty  seconds  and  periods  of  ten  seconds  were 
marked  off  on  the  records.  The  subject  being  left  handed  used 
that  hand.  As  he  was  over  sensitive  to  cold  during  the  fast  hd 
wore,  beside  a  heavy  woolen  undershirt,  a  heavy  dressing-gown, 
which  added  to  the  weight  he  had  to  lift.  Neither  the  hand  nor 
arm  was  allowed  to  rest  on  the  table  during  the  tapping. 

The  curve  (III)  shows  a  gradual  improvement  for  the  first 
six  days  when  the  maximum  of  the  series — ^215  taps  or  about 
seven  taps  per  second — ^was  reached.  The  curve  then  descends 
for  the  next  nine  days  when  the  minimum  of  170  taps  was 
reached.  From  this  point  to  the  end  of  the  series  there  is  a  rise 
to  a  point  just  below  the  maximum.  This  rise  is  not,  however, 
gradual,  but  consists  rather  of  two  plateaux,  one  of  nine  the 
other  of  seven  days  separated  by  decided  jumps  and  followed  by 
a  gradual  but  very  marked  end  spurt  of  four  days. 

The  initial  improvement  can  well  be  due  to  practice  in  using 
those  particular  sets  of  muscles,  combined  with  increasing  fa- 
miliarity with  the  work.  This  same  rise  also  occurred  in  the 
dynamometer  tests.  The  drop,  however,  begins  much  sooner 
than  in  the  dynamometer  tests.  In  fact  it  ends  in  the  former 
where  it  begins  in  the  latter.  One  can  therefore  hardly  say  that 
it  is  a  matter  of  muscular  fatigue.  The  first  explanation  to  sug- 
gest itself  is  a  lessening  in  interest,  and  this  is  strengthened  by 
the  fact  that  the  drop  occurs  at  that  time  when  he  was  most 
affected  by  the  monotony  of  the  routine  work.     In  this  test  less 

"Whipple's  Manual  of  Mental  and  Physical  Tests,    p.  loi. 
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depends  for  improvement  upon  the  increase  in  muscular  power 
than  in  the  dynamometer  tests,  the  miain  factor  being  the  rapidity 
of  action.  We  know  that  the  rate  of  the  reaction  time  is  greatly 
affected  by  changes  in  attention  and  it  is  probable  that  the  bet- 
terment in  the  muscular  control,  which  we  may  assume  from  the 
results  of  the  dynamometer  tests  did  occur,  was  insufficient  to 
offset  this  loss  of  interest.  The  results  of  the  last  days  confirm 
this  assumption,  for  here  we  undoubtedly  have  the  effect  of  in- 
terest in  an  end  spurt,  which,  notwithstanding  muscular  fatigue 
which  was  undoubtedly  present  at  this  time,  brings  the  curve  back 
to  a  higher  level.  ^^  In  regard  to  the  two  plateaux  referred  to 
above,  it  seems  plausible  to  infer  from  what  we  know  of  the 
causes  of  plateaux  in  the  learning  process  in  acts  of  skill  that 
these  sudden  rises  to  new  levels  are  due  to  the  learning  of  some 
new  method  or  short  cut.  Here  the  most  obvious  short  cut  is 
the  lessening  of  the  height  of  the  stroke. 

An  examination  of  the  difference  curve  (IV),  which  has  been 
obtained  by  subtracting  the  results  of  the  first  ten  seconds  from 
that  of  the  last  ten,  still  further  confirm  the  assumption  of  a 
wavering  in  interest.  There  is  a  gradual  increase  in  the  amount 
of  this  difference,  which  indicates  fatigue.  This  increase  is  par- 
ticularly marked  toward  the  end  when  the  records  are  improving} 
which  means  that  the  improvement  is  caused  by  a  spurt  during 
the  first  ten  seconds. 

In  general  it  may  be  said  that  although  initial  lack  of  interest^^ 
and  later  muscular  fatigue  played  a  role,  both  factors  being  di- 
rected toward  a  decrease  in  the  amount  of  work,  yet  the  will 
impulse  toward  the  end  was  sufficiently  great  to  bring  the  curve 
back  to  its  initial  level  and  almost  to  its  maximum. 

"  This  is  an  error  which  is  bound  to  occur  with  this  form  of  tapping 
board.  The  writer  has,  therefore,  recently  constructed  a  board  which  regu- 
lates the  height  of  the  stroke,  thus  making  it  a  constant  ftactor. 

"Against  this  suggestion  is  the  fact  that  other  tests  did  not  show  this  lack 
of  interest,  but  it  is  quite  possible  that  the  interest  varied  with  the  different 
tests.  .   . 
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Strength  Tests 

These  tests  immediately  followed  the  tapping  tests.  The) 
subject  stood  and  received  the  dynamometer,  one  of  the  Collin 
type,  from  the  experimenter,  and  pressing  it  returned  it  to  the 
experimenter.  The  record  was  noted  and  the  instrument  re- 
turned. The  interval  between  trials  was  about  one  second.  Ten 
trials  were  made  with  the  left  hand  followed  by  ten  trials  with 
the  right. 

Both  in  the  right  (VII)  and  left  hand  (V)  curves  there  is  an 
initial  falling  off,  which  is  more  marked  with  the  former  hand. 
The  latter,  however,  continues  to  fall  to  the  nth  day  on  which 
day  it  takes  a  decided  drop,  while  the  former  declines  more 
gradually  to  the  ninth  day,  when  it  reaches  its  maximum.  Both 
curves  then  rise  to  a  maximum,  which  is  reached  by  the  left  hand 
on  the  1 6th  day  and  by  the  right  hand  on  the  12th  day  (the 
record  of  the  first  day  not  being  considered  in  speaking  of  this 
maximum).  The  curves  then  fall,  the  left  much  more  than  the 
right,  especially  in  the  middle  of  the  series,  the  former  reaching 
its  minimum  on  the  31st  day.  Both  curves  show  a  slight  end 
spurt.  This  is,  as  a  glance  at  the  curve  will  show,  merely  a 
rough  picture,  there  being  decided  rises  and  falls  throughout. 

In  interpreting  the  curve  it  must  be  remembered  that  the  left 
hand  is  the  practiced  hand  and  it  can  therefore  be  assiuned  that 
the  muscles  of  that  hand  are  the  stronger.  In  fact  the  results 
make  this  more  than  an  assumption,  for  the  record  of  this  hand 
is  at  all  times  decidedly  better  than  that  of  the  right  hand.  The 
initial  falling  off  is  what  one  must  expect  when  the  subject  is 
not  accustomed  to  the  particular  muscular  exercise.  There  is  a 
g^eat  exertion  at  first  and  the  muscles,  skin  and  subcutaneous 
tissue  feel  the  usual  strain  for  several  days.  Those  muscles 
least  accustomed  to  exercise  are  the  most  effected.  It  is  for  this 
reason  that  the  right  hand  record  drops  more  than  that  of  the 
left  hand.  Then  the  muscles  gradually  recover  and  the  effect 
of  practice  begins  to  appear.     Acting  against  the  practice  is 


the  increasing  fatigue.  The  right  hand  being  the  unused  hand 
gives  practice  more  chance  for  its  influence  and  although  fatigue 
never  allows  the  curve  to  reach  its  first  day's  record,  yet  the 
drop  which  soon  begins  is  much  more  gradual,  as  has  been 
pointed  out,  than  it  is  with  the  left  hand,  where  the  effect  of 
fatigtie  is  more  prominent. 

The  difference  curves  (VI,  VII),  which  were  obtained  by 
subtracting  the  average  of  the  last  three  records  of  each  day  from 
the  average  of  the  first  three  helps  to  strengthen  the  conclusions 
just  drawn.  The  rise  of  the  difference  curve  at  the  same  time 
as  the  fall  of  the  main  curve,  means,  of  course,  increasing  fa- 
tigue, which  shows  itself  in  a  greater  and  greater  drop  toward 
the  end  of  the  daily  series.  This  rise  in  the  two  difference 
curves  is  relatively  about  the  same,  which  means  that  the  daily 
increase  in  fatigue  is  relatively  the  same  for  the  two  hands. 
Further,  if  we  glance  at  curves  (IX,  X),  we  find  additional  in- 
dications in  the  same  direction.  This  curve  is  plotted  from  the 
first  of  the  daily  series  of  ten  trials.  This  trial  is  least  effected 
by  fatigue  and  shows  therefore  the  greatest  influence  of  prac- 
tice. Here  there  is  a  gradual  rise  for  the  right  hand  until  next 
to  the  last  day,  while  the  curve  for  the  left  hand  begins  to  drop 
where  it  should  according  to  our  analysis. 

In  general  we  may  therefore  say  that  fatigue  appears  in  both 
hands  early  in  the  series.  The  curve  for  the  left  hand  drops 
far  below  the  record  of  the  first  few  days.  The  curve  for  the 
right  hand  shows  less  drop  due  to  the  greater  influence  of  prac- 
tice, so  that  the  two  curves  tend  to  approach  one  another. 

Tactual  Space  Threshold 

A  pair  of  dividers  with  wooden  tips  were  used  as  an  aesthesio 
meter.    The  threshold  was  found  on  the  volar  side  of  the  fore 
arm,  about  four  inches  from  the  elbow.    The  points  were  applie 
on  either  side  of  a  red  ink  dot  which  was  made  on  the  arm  c 
the  first  day  and  renewed  when  necessary.    The  method  of  min 
mal  change  with  ascending  and  descending  series,  was  employe' 
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Five  trials  excluding  one-point  "vexier*'  trials  were  made  at  each 
distance.  Four  correct  out  of  five  was  considered  the  threshold.^* 
For  the  first  few  days  the  curve  (XI)  keeps  the  high  level  of 
7  cm.  On  the  seventh  day  there  is  a  drop  to  5.5  cm.,  then  a 
slight  rise  to  a  level  of  6  cm.  and  a  high  threshold  of  6.5  cm. 
on  the  14th  day  followed  by  a  fall  to  the  minimum  of  5  cm.  on 
the  22nd  day,  which  minimum  is  again  reached  on  the  26th  and 
30th  days.  The  final  days  show  a  rise  to  6cm.  The  decided 
drop  on  the  seventh  day  may  be  due  to  adaptation  to  the  experi-^ 
ment,  which  in  this  instance  means  the  adoption  of  a  definite 
and  clear  criterion  of  discrimination.  The  drop  in  the  middle  of 
the  series  after  a  more  or  less  constant  level  may  be  due  to  a 
similar  cause,  that  is  a  change  to  a  better  criterion.  The  rises 
in  the  latter  part  of  the  curve  are  never  as  great  as  those  of  the 
first  part,  although  on  the  last  day  the  curve  again  reaches  6.2 
cm.  This  threshold  had  to  be  placed  at  5  correct  judgments  as 
there  was  a  jump  from  3  correct  judgments.  This  makes 
the  threshold  probably  too  high.  If  we  omit  the  first  day  and 
compare  the  average  of  the  period  from  the  7th  to  the  20th 
day  with  the  average  of  that  from  the  21st  to  the  34th  day  we 
find  a  difference  of  .4  cm.  in  favor  of  the  latter  period.  We 
may  say  then  in  general  that  there  is  an  improvement,  although 
very  slight  in  the  discriminating  process,  but  that  there  is  no 
end  spurt,  which  latter  from  the  very  nature  of  the  process  under 
investigation  is  not  to  be  expected. 

Rote  Memory  for  Digits  ; 

The  usual  rote  memory  test  was  employed.  Increasing  series 
of  digits  beginning  with  four  digits  were  read  aloud  once  by  the 

"It  had  been  intended  to  call  three  out  of  five  the  correct  threshold,  but 
this  was  not  found  feasible.  The  threshold  is  probably  too  high,  but  for  the 
present  purpose,  where  the  change  and  not  the  absolute  threshold  is  being 
investigated  this  does  not  matter. 

The  curve  shows  no  record  for  the  4th,  and  5th  days.  The  experimenter 
was  absent  on  these  days  and  the  physioan,  who  kindly  volunteered  his 
services,  did  not  deem  himself  sufficiently  skilled  in  this  particular  test  to 
undertake  it. 
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experimenter  to  the  beat  of  a  metronome  with  one  second  inter- 
vals and  were  repeated  as  far  as  possible  by  the  subject.  The 
combinations  of  digits  varied  daily. 

Curve  II  A  is  obtained  by  taking  the  last  series  that  contains 
only  one  mistake,  curve  II  B  by  taking  the  number  which  im- 
mediately precedes  the  one  containing  the  first  mistake.  Curve  A, 
which  gives  a  picture  of  the  rote  menuory  process  shows  two 
apexes  of  maximal  value  near  the  middle  and  another  on  th^ 
31st  day.  There  is,  however,  a  very  low  minimum  in  the  second 
half  of  the  curve  and  a  decided  drop  from  the  maximum  of  the 
31st  day.  One  can,  therefore,  hardly  speak  of  an  improvement j 
The  most  that  can  be  said  is  that  the  subject  was,  toward  the 
end  of  the  fast,  again  able  to  reach  the  maximum  record  of  10 
digits  obtained  near  the  middle  of  the  series.  We  see  from  the 
curve  B  that  on  the  3rd  day  a  mistake  was  made  at  four  digits, 
yet  the  retention  is  9  digits;  on  the  nth  day  a  mistake  at  four 
digits  and  a  retention  of  eight,  etc.  It  seems  fair  to  assume 
from  these  results  that  curve  B  represents  in  a  rough  manner  the 
degree  of  attention.  It  is  only  inattention  that  can  produce  re- 
sults like  the  above.  Curve  B  shows  a  decided  rise  to  the  eigh- 
teenth day,  when  it  reaches  a  maximum  and  although  it  follows 
a  lower  level  from  this  day  it  never  reaches  the  minimum  of  the 
first  third  of  the  series.  One  may  therefore  say  that  there  is  an 
improvement  in  the  state  of  attention,  at  least  for  this  experi- 
ment, as  the  fast  progressed. 

Association  Tests 

The  free  association  experiments  consisted  of  the  daily  pre- 
sentation of  a  list  of  twenty  words  which  were  selected  princi- 
pally from  the  lists  prepared  by  Woodworth  and  Wells^*  and 
with  the  exception  of  the  list  of  May  9th,  which  was  a  repetition 
of  that  of  April  nth  they  were  all  different.^'  Several  days 
after  the  tests  were  beg^n  it  was  thought  advisable,  in  order  to 

"Association  Tests,  Psych.  Monog.  vol  III,  5,  191 1. 
"The  lists  will  be  found  in  appendix  II.     In  a  few  instances  the  same 
word  appears  in  two  lists. 
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make  the  lists  as  uniform  as  possible,  to  have  them  composed  of 
an  equal  number  of  verbs,  concrete  nouns,  adjectives  and  ab- 
stract nouns,  in  the  order  given.  This  jarrangement  was  adhered 
to  from  April  i8th  to  the  end  of  the  tests  with  the  exception  of 
May  9th.  The  words  were  read  aloud  by  the  experimenter  and 
the  time  taken  with  an  ordinary  stop-watch.  The  reproduction 
experiments  followed  these  with  only  a  pause  of  a  minute.  Al- 
though the  subject  was  told  that  he  need  not  repeat  the  same 
word,  if  it  did  not  come  at  once,  yet  there  is  little  doubt  that  his 
efforts  were  always  directed  toward  that  end.  Levanzin  had  a 
good  command  of  the  English  language  although  it  is  not  his 
native  tongue.  At  times,  however,  he  had  difficulty  in  finding 
the  word  he  wanted.  In  such  cases,  he  made  a  jesture  as  soon 
as  the  idea  came  to  him  and  the  watch  was  snapped  at  that  time 
rather  than  when  the  English  word  was  found.  This  method 
of  procedure  was  not  often  necessary  and  it  seemed  a  legiti- 
mate means  of  balancing  the  slight  disadvantage  he  had  as  a 
foreigner.  A  reserve  list  was  prepared  upon  which  to  draw 
when  he  did  not  understand  the  word  of  the  main  list. 

The  curve  (XIII)  is  plotted  from  the  daily  average.  The 
average  was  used  in  order  the  better  to  include  the  influence  of 
the  long  times,  which  might  very  well  be  of  importance  in  these 
tests.  ^®  The  few  exceptionally  long  times,  such  as  20  seconds, 
which  may  have  been  caused  by  emotional  complexes,  were  not 
included. 

The  curve  begins  with  very  long  reaction  times.  Levanzin 
had  never  performed  such  tests  before,  so  that  the  sudden  drop 
on  the  3rd  day  must  be  attributed  to  the  practice  improvement, 
which  at  this  early  stage  could  very  well  be  sudden  and  of  con- 
siderable amount,  rather  than  to  the  fact  that  it  is  the  first  day 
of  the  fast.  From  this  point  the  curve  descends  with  a  few 
breaks  to  the  15th  day,  when  it  reaches  1.4  sec.  It  then  rises 
to  the  22nd  day  when  it  reaches  the  maximum  (if  we  do  not 
consider  the  first  few  days)  and  then  falls  to  the  end  of  the 
series.    On  the  second  from  the  last  day  it  reaches  the  minimum 

"The  median  which  was  also  calculated  gave  the  same  general  curve. 
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of  1.3  sec.  Also  the  record  of  1.4  sec.  is  obtained  three  times  in 
the  second  half  of  the  series.  If  we  include  the  first  few  days  it 
can  be  said  in  general  that  there  is  a  very  decided  betterment  in 
the  association  times;  and  even  if  one  calculates  from  the  third 
day  there  is  an  appreciable  drop.  Especially  interesting  is  the 
almost  steady  improvement  shown  in  the  last  third  of  the  curve. 
In  order  to  analyse  the  curve  further,  separate  curves  (XIV, 
XV,  XVI,  XVII)  have  been  plotted  for  each  of  the  four  cate- 
gories of  stimulus  words.  It  must  be  remembered  that  these 
curves  begin  on  the  seventh  day,  when  this  division  into  sepa- 
rate categories  was  first  made.  In  consideration  of  the  fact 
that  the  daily  average  is  obtained  from  only  five  reactions  too 
much  importance  must  not  be  attached  to  sudden  daily  falls  and 
rises,  such  as  in  the  abstract  series  on  the  19th  and  20th  days 
and  in  the  adjective  series  on  the  i8th  day,  etc.,  but  rather  the 
convex  shape  of  the  verb  curve,  the  rise  in  the  middle  of  the 
noun  curve,  etc.,  must  be  considered. 

It  is  evident  that  the  rise  in  the  main  curve  about  the  loth  to 
13th  day  is  caused  largely  by  the  noun  curve  and  that  the  rela- 
tively greatest  improvement  at  the  end  of  the  curve  as  compared 
with  the  beginning  is  in  the  abstract  curve.  On  the  other  hand 
the  verb  and  noun  curves  have  several  low  averages  in  the  be- 
ginning that  were  not  reached  again.  In  fact  it  is  hardly  possible 
to  say  that  either  of  these  curves  show  general  improvement, 
certainly  not  the  noun  curve.  An  examination  of  the  daily  fluctu- 
ations in  the  curve  shows  that  this  becomes  less  as  the  tests 
progress. 

The  curve  (XVIII)  for  the  m.v.  of  the  main  curve  shows  a 
decided  improvement  as  the  fast  progresses  with  a  very  low 
level  on  the  last  three  days. 

The  reproduction  curve  (XIX)  follows  the  tendencies  of  the 
association  curve.  There  is  the  initial  drop  and  many  more  high 
peaks  in  the  first  two-thirds  of  the  series.  If  it  were  not  for  the 
rise  on  the  last  two  days  the  general  betterment  would  be  more 
marked.  The  reactions  were,  on  the  whole  rapid,  averaging  about 
I  sec.  and  dropping  as  low  as  .8  sec.    As  the  number  of  false 
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reproductions  was  very  small  (Table  I),  amounting  to  only 
twenty-three  in  680  reactions  or  3  per  cent  and  never  more  than 
three  in  one  list,  an  improvement  pr  the  reverse  in  this  respect 
would  mean  little.  At  least  one  can  say  that  the  quality  of  the 
reproduction  suffered  no  deterioration  with  the  progress  of  the 
fast,  but  that  retention  was  equally  as  good  at  the  end  as  at  the 
beginning. 

The  quality  of  the  association  reactions  was  of  high  grade- 
throughout  the  main  test  (Table  II).  There  were  no  senseless 
or  pure  sound  reactions  and  very  few  repetitions.  Synonyms^ 
word-compoundings  and  misunderstood  stimulus  words  occurred 
seldom  and  were  scattered  throughout  the  days.  The  word 
woman  appears  a  number  of  times  and  man  slightly  less  often. 
There  was  also  evidences  of  a  religious  complex. ^^  An  examina- 
tion of  the  different  categories  did  not  show  sufficient  change  to 
warrant  an  analysis  or  tabulation  as  to  quality.  It  was  thought 
that  the  introduction  of  words  designating  food  might  produce 
delayed  reactions  both  with  the  word  itself  and  with  the  words 
immediately  following.  This  was  not  the  case.  For  example  on 
April  1 6th  we  find  egg-white  1.4  sec.:  on  April  19th  omelet-eat, 
1.4  sec. :  on  April  21st  fish-sea,  1.4  sec. :  on  May  7th  candy-sweet, 
.8  sec. :  on  May  9th  apple-fruit,  .8  sec. :  on  May  loth,  roast-meat, 
I  sec. :  on  May  1 3th  chocolate-sweet,  i  sec.  None  of  these  re- 
actions were  followed  by  unusually  long  reaction  times.  It 
might  be  of  interest  to  mention  at  this  point  the  unusually  long 
reactions  which  point  to  complexes.  On  April  13th  we  find 
pulse-hand,  9  sec:  on  April  21st  death-eternal,  22.4  sec:  and 
on  April  26th  uncertainty-pendulum,  12.6  sec  These  are  the 
only  extremely  long  reaction  times.  The  next  longest  is  6  sec 
All  of  these  delayed  reactions  may  be  explained  from  the  same 
cause.  Levanzin  had  asserted  that  the  chief  factor  for  a  suc- 
cessful fast  was  faith  and  confidence  and  absolute  lack  of  fear. 
He  thinks  it  is  the  fear  combined  with  exposure  which  causes 
death  in  shipwrecks  and  other  calamities  where  food  is  not 
obtainable  and  not  the  actual  lack  of  food.  We  also  find  that 
those  who  fast  frequently  cover  their  mirrors  in  order  that  they 

"  See  for  example  the  list  of  April  30th. 
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may  not  be  disturbed  by  the  evidences  of  emaciation.  One  of 
the  further  dangers  in  fasting  is  heart  failure.  If  Levanzin's 
heart  had  shown  alarming  symptoms  the  fast  would  have  been 
terminated  at  once.  It  does  not,  therefore,  require  a  stretch  of 
imagination  to  suppose  that  Levanzin  would  keep  his  mind  from 
such  subjects  as  death  and  uncertainty  and  that  he  would  even 
avoid  thought  of  the  condition  of  his  heart  and  that  the  mention 
of  these  words  would  cause  hesitation. 

The  determined  association  reaction  noun-verb  was  begun  on 
the  8th  day.  The  curve  (XX)  resembles  that  of  the  verb 
curve,  except  that  the  rise  continues  longer.  It  starts  very 
low, — i.o  sec. — increases  with  rather  large  daily  fluctuations 
and  on  the  last  day  of  the  fast  returns  to  i.i  sec.  A  particularly 
disturbing  factor  in  this  series  was  the  fact  that  there  was  an 
ever  increasing  difficulty  to  obtain  appropriate  words.  At  first 
the  words  had  obvious  associations.  They  were  names  of  com- 
mon objects,  such  as  dog,  gun,  eye,  etc.,  but  more  unusual  word^ 
had  to  be  employed  in  increasing  numbers  and  there  seems  no 
doubt  that  this  circumstance  was  at  least  part  cause  of  the  in- 
creasing length  of  the  reaction  time.  It  is  even  more  important 
in  the  determined  than  in  the  free  association  experiments  to 
have  the  quality  of  the  words  the  same  and  not  more  difficult 
For  long  series  of  tests  the  free-association  experiments  are  much 
to  be  preferred. 

Cancellation  Test 

Special  forms  were  made  for  this  test  consisting  of  type-writ-" 
ten  pied  text  of  100  a's  and  fifty  of  each  of  the  other  letters  of 
the  alphabet.  A  different  combination  was  made  each  day  so 
that  the  subject  should  not  become  accustomed  to  the  order.' 
Levanzin  was  requested  to  cancel  all  the  a's.  He  used  his  left 
hand  and  the  time  was  taken  with  a  stop-watch.  Special  care 
was  observed  to  have  the  illumination  constant  and  the  same 
pencil  was  employed. 

The  curve  (XXI)  represents  the  time  for  the  completion  of  the 
task.    As  in  some  of  the  other  curves  so  here  we  have  the  initial 
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rise,  which  continues  to  the  7th  day,  when  there  is  a  sudden  drop 
to  a  level  which  slopes  slightly  to  another  sudden  drop  on  the 
29th  day  and  a  very  low  level  for  the  final  days.  The  differ^ice 
between  the  maximum  of  3  min.  48  sec.  on  the  6th  day  and  the 
minimum  of  i  min.  53  sec.  on  the  33rd  day  is  very  considerable. 
The  maximum  is  over  double  the  minimum  and  even  if  we  comr 
pare  the  minimum  with  the  initial  time  of  3  min.  7  sec.  or  with 
2  min.  43  sec.  of  the  7th  day  which  is  the  first  and  largest  prac- 
tice drop,  we  still  find  a  very  considerable  difference.  There  does 
not  seem  any  doubt  therefore,  that  there  is  very  much  of  a  bet- 
terment in  the  time  as  the  fast  progresses  and  that  this  decrease 
in  the  time  continues  to  the  end  of  the  series.  Nor  is  this  im-j 
provement  in  time  gained  at  the  sacrifice  of  accuracy.  At  no 
time  were  there  many  mistakes  made  (see  Table  III).  In  fact 
the  degree  of  accuracy  was  always  so  high  that  we  cannot  place 
any  importance  on  the  slight  increase  of  accuracy  in  the  last  half 
of  the  series^®  nor  does  the  slight  loss  of  accuracy  at  the  mini- 
mum alter  the  significance  of  that  result. 

Visual  Acuity 

These  tests  were  made  in  the  large  calorimeter  room  adjoining 
the  small  room  in  which  the  previous  tests  were  conducted.  The 
largest  E  which  had  been  cut  from  the  Schnellen  test-card  was 
used.  This  was  held  by  the  experimenter  at  the  level  of  the 
subject's  head  when  seated.  It  was  illuminated  by  an  electric: 
lamp  held  by  a  second  experimenter  in  front  of  the  card  and 
moved  with  it.  The  shades  of  the  room  were  kept  drawn  during 
the  experiment  in  order  to  have  as  far  as  possible  constant  illu- 
mination. The  subject  suffered  from  myopia  and  wore  correct- 
ive glasses.  A  distance  well  within  the  threshold  was  first  chosen 
at  which  the  subject  was  asked  to  judge  in  what  one  of  the  four 
possible  positions  the  E  was  being  held.  The  experimenter  put 
the  card  behind  his  back  when  he  changed  its  position.  After 
a  few  days  of  the  tests  it  was  thought  that  the  subject  might 

"There  were  29  mistakes  in  the  first  half  and  24  in  the  second  half  of  the 
series. 
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be  using  the  secondary  criterion  of  the  distance  of  the  edge  of 
the  E  from  the  edge  of  the  card,  the  E  not  being  exactly  in  the 
middle.  The  card  was  therefore  mounted  on  a  larger  card- 
board of  the  same  color  in  order  to  obviate  this  possibility.  On 
account  of  the  surprising  results  both  experimenters  were  at  all 
times  keenly  attentive  to  the  possibility  of  other  secondary  cri- 
teria, but  none  could  be  discovered.  Ten  trials  were  made  at 
each  distance,  the  card  being  moved  from  the  observer  in  steps 
of  one  foot.  That  distance  was  considered  the  threshold  which 
preceded  the  distance  at  which  the  subject  made  two  mistakes 
out  of  the  ten  trials.^®  The  alteration  in  the  position  of  the  E 
followed  no  definite  order,  but  every  means  was  used  in  this 
respect  to  confuse  the  subject  iti  order  to  remove  all  possibility 
of  his  guessing  the  position.  Most  of  the  judgments  were  made 
without  hesitation,  both  at  the  very  low  and  very  high  thresholds. 
The  curve  (XII)  represents  the  daily  threshold  in  feet.  There 
is  a  very  rapid  rise  from  the  5th  to  the  14th  day  when  the  maxi- 
mum of  37  feet  is  reached.  Then  there  follows  a  drop  to  24 
feet  and  a  rise  to  36  feet  on  the  next  to  the  last  day  of  the  fast. 
The  34th  day  shows  a  drop  to  19  feet.  The  record  of  the  5th 
day  is  16  feet  which  is  the  minimum;  that  of  the  32nd  day  is 
36  feet,  which  is  one  foot  less  than  the  maximum.  This  differ- 
ence of  16  feet  is  very  great  for  visual  acuity.  He  sees  twice  as 
far  at  the  end  of  the  fast  as  he  does  at  the  beginning. 

Later  Tests 

Owing  to  an  attack  of  colic  resulting  from  the  nature  of  the 
first  food  taken  after  the  fast  and  the  subsequent  withdrawal 
from  the  laboratory  it  was  impossible  to  continue  the  tests  during 
the  recuperative  period,  as  had  been  planned.  Only  by  later 
tests  for  comparison  could  a  decision  be  reached  as  to  the  effi- 
cacy of  fasting.  One  year  after  the  tests  jiist  described  Levanzin 
volunteered  as  subject  for  a  short  series  of  tests.  These  were 
conducted  at  the  Harvard  Psychological  Laboratory  and  ex- 

"Time  prevented  the  threshold  being  taken  in  the  reverse  direction.    The 
tests  took  five  to  ten  minutes. 
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tended  over  a  period  of  six  consecutive  days.  It  was  not 
sible  to  arrange  for  them  to  take  place  at  five  o'clodc  as 
viously  and  ten  o'clock  in  the  morning  had  to  be  chosen.  All 
the  other  conditions  were  observed  as  closely  as  possibly.  The 
same  tests  with  the  exception  of  the  visual  acuity  test  and  die 
hand-writing  test  were  performed.  Levanzin  seemed  in  gpod 
health.  He  weighed  about  126  lbs.  which  is  somewhat  less  tiian 
he  weighed  when  he  began  his  fast.  His  physical  appearance 
was,  however,  very  much  the  same  as  on  the  day  he  arrived  at 
the  Nutrition  Laboratory.  He  had  remained  in  America  during 
the  previous  year,  engaged  in  medical  studies,  lecturing,  etc,  had 
not  fasted  again  and  had  had  no  illness  during  that  time.  In  com* 
ing  to  the  laboratory  he  made  a  journey  of  four  miles  and  had 
already  had  several  hours  work,  having  risen  each  day  at  five 
o'clock,  exercised  for  half  an  hour  and  made  several  visits.  The 
conditions  previous  to  the  tests  are,  therefore,  hardly  comparable 
to  those  of  the  former  series.  It  is  evident,  however,  that  he 
was  as  strenuous  if  not  more  so  than  he  had  been  up  to  th^ 
later  hour  of  five  o'clock  of  the  previous  tests. 

The  rote  memory  for  digits  (IIA)  was  somewhat  poorer  than 
it  was  during  the  latter  part  of  the  long  series.  It  did  not  reach 
the  maximum  by  two  numbers,  yet  it  did  not  show  any  poor 
scores.  The  curve  (IIB)  which  represents  the  first  mistake,  or, 
as  it  was  supposed  above,  the  state  of  attention,  shows  an  im- 
provement over  the  latter  part  of  the  first  series  in  that  it  does 
not  drop  as  far.  On  the  other  hand  the  rote  memory  for  words 
(lA)  seemed  as  good  if  not  better  than  during  the  fast.  It 
reached  the,  former  maximum  on  the  fourth  day  and  never 
dropped  below  eight  words.  The  memory  after  fifty-five  minutes 
(IB)  was  as  good  as  the  immediate  memory.  From  these  re- 
sults it  may  be  concluded  that  the  memory  is  still,  after  the 
year's  interval,  at  about  the  level  that  it  was  at  the  end  of  the  fast. 

The  curve  (HI)  for  the  tapping  begins  considerably  higher 
than  the  maximum  of  the  fasting  tests  and  although  it  drops 
somewhat,  still  it  remains  above  the  former  maximum.  The 
drop  in  the  difference  curve  (IV)   is  caused  principally  by  a 
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falling"  off  in  the  initial  spurt.  This  is  concluded  from  the  fact 
that  the  results  of  the  last  ten  seconds  vary  much  less  than  those 
of  the  first  ten. 

The  results  of  the  first  day  of  the  tactual  space  threshold  can- 
not be  used  as  a  comparison  (XI).  The  unusually  high  threshold 
was  undoubtedly  caused  by  inattention  on  the  part  of  Levanzin, 
who  admitted  that  he  had  been  very  much  worried  over  an  ap- 
pointment he  had  been  forced  to  miss  and  upon  which  his  mind 
had  been  during  these  tests.  Apart  from  this  day  the  curve  has 
the  same  form  it  had  during  the  latter  part  of  the  previous  trials. 
The  second  and  third  days  show  the  minimum,  which  was  last 
reached  on  the  30th  day  of  the  former  trials. 

The  dynamometer  used  in  the  previous  tests  could  not  be  ob- 
tained until  the  second  day.  There  are,  therefore,  only  five 
records.  The  curves  for  both  the  right  (VII)  and  the  left 
hands  (V)  begin  with  very  high  records  and  drop  considerably 
on  the  second  day,  just  as  they  did  in  the  former  series.  These 
first  records  are  very  much  better  than  any  made  in  the  pre- 
vious trials.  Even  after  the  drop  the  right  hand  twice  surpasses 
the  previous  maximum  and  remains  close  to  it  on  the  other  days. 
The  difference  curves  (VI,  VIII)  show  that  on  the  first  day  the 
high  record  for  the  left  hand  is  made  by  a  sustained  effort.  The 
right  hand  spurt  causes  fatigue  toward  the  end.  The  large  dif- 
ferences during  the  next  three  days  for  the  left  hand  are  caused 
by  spurts  followed  by  fatigue,  that  of  the  right  hand  by  fatigue. 
It  is  seen  that  the  strength  of  the  muscles  of  the  hand  have 
very  much  increased  since  the  end  of  the  fast  and  judging  from 
the  first  day's  results  is  much  greater  than  at  the  beginning  of 
the  fast.  One  acquires  a  knack  in  gripping  the  instrument  and 
it  may  be  that  this  is  carried  over  from  the  former  tests  and 
makes  these  initial  records  higher  than  those  of  a  year  ago.  In 
other  words  some  of  the  effect  of  practice  is  still  present  and 
influences  the  results  much  more  than  it  did  when  it  had  the 
opposing  effect  of  fatigue. 

The  free  association  reaction  time  (XIII)  begins  at.  the  low 
point  of  the  last  day  of  the  previous  series,  on  the  third  day  it 
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reaches  the  shortest  time  of  that  series  and  again  on  the  fifth 
day  and  on  the  last  day  it  falls  almost  one-fifth  of  a  second  below 
this  point.  That  is  the  curve  continues  the  descent  it  b^^an  in  the 
middle  of  the  former  series  in  as  regular  a  manner  as  if  a  year 
had  not  intervened.  Inasmuch  as  some  practice  is  necessary 
after  so  long  an  intermission,  it  may  be  said  that  the  reaction 
times  are  better  than  they  were  at  the  end  of  the  fast  The 
m.v.  (XVIII)  was  .5  sec.  on  the  first  day  and  .15  sec.  on  the 
sixth  with  an  almost  steady  decline. 

The  average  reproduction  time  (XIX)  is  .9  sec.  for  all  the 
days.  This  is  very  low  and  although  .8  sec.  was  reached  three 
times  in  the  former  tests,  it  is  safe  to  conclude  that  the  repro- 
duction times  are  at  least  as  good  as  they  were  at  the  end  of 
the  fast.  In  fact  the  average  for  these  days  is  better  than  for 
any  six  consecutive  days  of  the  previous  tests.  There  was  only 
one  false  reproduction  and  that  was  "wrong"  for  "bad.**  In 
view  of  the  fewness  of  the  trials  little  would  be  gained  by  an 
analysis  of  the  results  according  to  categories  (XIV,  XV,  XVI, 
XVII).  The  noun  and  adjective  curves  are  lower  than  the 
verb  and  abstract  curves.  The  quality  of  the  reactions  is  about 
the  same.  Evidence  of  a  religious  or  mystic  complex  is  as  • 
plain  here  as  in  the  previous  results.  "God"  was  the  reaction 
for  "adore,"  "worship,"  "unseen,"  "mercy,"  "Divine,"  and  "In- 
finite ;"  "supreme"  gave  "Being,"  "sacred"  gave  "church,"  "ador- 
able" gave  "saint,"  "life"  gave  "eternal,"  and  "ornament"  gave 
"church."  There  were  no  very  long  reaction  times.  In  connection 
with  the  previous  complex  it  may  be  mentioned  that  death  was  the 
reaction  word  for  fear.^^ 

The  reaction  noun-verb  (XX)  begins  at  the  average  of  the 
32d  day  of  the  former  series  and  on  the  third  and  fourth  day 
reaches  the  minimum  of  the  next  to  the  last  day  of  the  long 
series.    The  average  of  these  days  is  very  much  better  than  that 

*It  was  thought  that  a  year's  intermission  would  make  the  old  lists 
equivalent  to  new  ones  and  as  one  would  then  be  sure  of  having  the  lists 
of  this  series  of  the  same  quality  with  those  of  the  former,  the  old  lists 
were  used  on  the  first  day,  but  seven  of  the  twenty  reactions  were  the  same 
as  those  made  a  year  ago,  so  that  new  lists  were  made. 
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of  the  last  days  of  the  fast  series  or  even  of  the  first  days  so 
that  there  is  no  doubt  of  an  improvement  in  these  reactions. 

The  cancellation  test  (XX)  begins  at  about  the  point  of  the 
27th  day  and  the  time  gradually  decreases,  but  at  the  sixth  day 
has  not  reached  the  rapid  time  of  the  33rd  day.  Judging  from 
the  slope  of  the  curve  one  would  expect  it  to  do  so  shortly,  how- 
ever, so  that  one  can  conclude  that  the  mental  functions  neces- 
sary for  this  test,  are  in  about  the  same  state  they  were  at  the 
end  of  the  fast.  There  were  only  six  mistakes,  four  of  them 
being  on  the  first  day. 

Correlations 

It  would  be  supposed  that  there  should  be  very  good  and  very 
poor  days  upon  which  all  the  curves  would  show  proportionate 
increases  or  decreases  or  that  at  least  similar  tests,  such  as  those 
of  the  higher  mental-processes,  would  show  similar  variations. 
If  we  compare  some  of  the  crests  and  valleys  however,  we  ar- 
rive at  negative  results.  For  instance,  on  the  226.  day  the  as- 
sociation time  (XIII)  is  long  and  both  memory  curves  (lA, 
II A)  are  in  a  valley,  but  the  cancellation  test  (XXI)  shows  im- 
provement, and  the  reproduction  times  (XIX)  are  not  long.  On 
the  1 6th  day  the  left  hand  reaches  a  maximimi  in  the  strength 
tests  (V),  but  the  right  hand  (VII)  shows  no  such  result. 
Tapping  (III)  rises  on  that  day,  but  it  is  still  comparatively  low, 
one  memory  curve  has  fallen  (HA)  and  the  association  time 
(XIII)  has  risen.  On  the  isth  and  17th  days  the  memory 
curve  (II A)  is  at  a  maximum  and  association  time  (XIII)  is 
also  lower,  the  cancellation  test  (XXI)  is  also  low  on  these  days, 
but  the  maximum  of  the  memory  tests  (lA,  IIA)  on  the  31st 
day  finds  the  association  times  (XIII)  longer.  On  the  12th  day 
the  curves  for  the  strength  tests  (V,  VII)  have  risen  for  both 
hands — it  is  the  maximum  for  the  right  hand — ^the  time  for 
the  cancellation  tests  (XXI)  has  shortened  and  memory  (lA)  is 
better,  but  the  tapping  record  (HI)  has  fallen  and  both  as- 
sociation (XIII)  and  reproduction  times  (XIX)  are  at  a  peak. 
The  considerable  lengthening  of  the  time  of  the  cancellation 
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test  (XXI)  on  the  sixth  day  finds  a  betterment  in  most  of  the 
other  tests,  the  tapping  test  (III)  indeed,  having  reached  its 
maximum  on  that  day.  The  visual  acuity  curve  (XII)  rises 
abruptly  to  its  maximum  on  the  14th  day  and  althot^h  with  a 
few  exceptions  the  curves  show  a  slight  betterment,  the  rise  is 
comparatively  insignificant. 

It  must  be  concluded,  therefore,  that  with  the  exception  of 
this  last  day  the  daily  fluctuations  cannot  be  traced  to  any  one 
cause  such  as  a  general  bodily  fatigue  and  depressed  mood  or 
vigorous  and  cheerful  mental  states,  but  that  either  there  is  a 
change  in  the  one  or  more  processes  essential  to  the  particular 
test  that  is  showing  the  exceptional  rise  or  fall  or  that  there  has 
been  a  momentary  wave  of  fatigue  or  distraction  or  spurt,  etc. 
A  diary  of  the  fast  was  kept  in  which  every  important  incident 
was  noted  and  it  is  possible  that  many  of  the  fluctuations  in 
particular  curves  or  changes  in  general  tendencies  of  several  of 
the  curves  could  be  more  or  less  satisfactorily  explained.    The 
following  considerations,  however,  make  such  explanations  of 
doubtful  value.    One  cannot  say  in  advance  what  the  effect  of 
visits  or  other  changes  in  the  general  routine  may  be.     Much 
depends  upon  the  particular  circumstances.    Now  if  the  results 
were  better  after  a  certain  visit  one  could  say  that  the  subject 
was  in  a  pleasant  mood  after  the  break  in  the  monotony  of  the 
days  and  that  his  mind  had  been  stimulated  by  agreeable  con- 
versation.    If  the  results  were  worse  on  those  days  one  could 
say  with  equal  weight  that  the  fatigue  following  the  unusual 
exertion  was  the  cause.    Only  the  most  reliable  introspection  on 
the  part  of  the  subject  beffore  and  after  each  test  could  have 
given  strength  to  such  explanations  and  both  the  lack  of  time 
and  training  on  the  part  of  the  subject  made  such  a  procedure 
impossible. 

It  did  seem  possible,  however,  to  make  an  exception  of  the 
days  that  Levanzin  took  a  drive  or  was  allowed  on  the  roof  and 
that  if  the  curves  showed  an  agreement  in  their  fluctuations  on 
these  days  an  unequivocal  explanation  could  be  found.  The 
drives  were  taken  on  the  14th,  17th,  20th,  22nd,  24th,  29th, 
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31st  and  32nd  days;  the  visits  to  the  roof  on  the  nth,  15th,  21st 
and  30th  days.  As  was  stated  above  there  was  no  general  agree- 
ment even  on  these  days.  In  regard  to  the  individual  curves, 
however,  the  visual  acuity  curve  seemed  to  show  the  influence 
of  the  drives.  The  best  result  in  the  visual  acuity  test  was  made 
on  the  first  drive  day  and  the  curve  always  ascends  on  the 
drive  days,  although  not  always  to  a  peak.  It  falls,  however,  on 
all  but  one  day  when  a  visit  was  made  to  the  roof  and  that  it 
rises  on  the  drive  days  is  contrary  to  what  one  would  expect 
and  is  difficult  of  explanation,  since  the  subject's  eyes  should  if 
anything  have  been  fatigued  by  ijfit  increased  light.  If  there 
had  been  a  stimulation  of  the  central  processes  causing  a  height- 
ened power  of  discrimination,  this  ought  to  have  influenced  the 
other  curves  as  well. 

General  Summary  and  Conclusions 

The  fact  that  a  human  being  could  live  for  a  month  or  longer 
without  food  had  already  been  satisfactorily  proven.^^  In  recent 
years  Merlatti  is  reported  to  have  fasted  for  fifty  days  and  Dr. 
Tanner  for  forty  days.  The  fast  of  Succi**  is  most  similar  to 
that  of  Levanzin  in  that  it  was  undergone  for  about  the  same 
length  of  time  and  under  similarly  strict  scientific  control,  al- 
though never  before  had  quite  so  many  precautions  been  taken 
as  in  the  case  of  Levanzin.  Succi  fasted  for  thirty  days,  but 
took  pepton  on  the  27th  day.    Levanzin  continued  for  one  day 

**E.  Bardier  in  his  article  "La  Faim"  (Ch.  Richet's  Dictionnaire  de  Physio- 
logie.  Vol.  6,  p.  3)  remarks  in  regard  to  voluntary  and  involuntary  fasts: 
"on  pourra  se  soumettre  volontairement  a  un  jeune  prolonge,  conwne  Tex- 
perience  en  a  plusieurs  fois  ete  tentee,  et  endurer  assez  facilement  les  souf- 
frances  de  la  faim.  Le  besoin  de  manger  sera  d'autant  moins  douloureux, 
d'autant  plus  facile  i  supporter  qu'il  suffira  d'un  signe  pour  etre  mis  en  face 
d'un  succulent  repas.  Au  contraire,  la  faim  sera  beaucoup  plus  penible  ses 
manifestations  beaucoup  plus  douloureuses,  si  Ton  se  croit-dans  un  naufrage, 
dans  une  expedition, — voue  k  une  inanition  complete  sans  espoir  de  salut.'' 
On  page  6  in  reference  to  forced  fasting  he  further  says :  "  .  .  .la  lutte  que 
Ton  est  oblige  de  soutenir  contre  les  causes  memes  de  cette  inanition  aug- 
mente  la  sensation  de  faim.'' 

'"Das  Hungern,  by  Luigi  Luciani.  Translated  into  German  by  Dr.  M.  O. 
Fraenkel.     1890. 
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longer,  absolutely  nothing  but  750  cc  of  distilled  water  pa^^tig 
his  lips  during  that  time.  Both  men  remained  in  good  physical 
condition  throughout  and  seemed  at  no  time  to  suffer  any  imtisual 
discomfort.  It  was  with  difficulty  that  Levanzin  was  persuaded 
to  discontinue  his  fast  on  the  31st  day.  Although  Luciam 
doubted  that  Succi  was  mentally  normal,  general  observatioiis 
and  the  tests  pointed  to  a  sound  mind  in  the  case  of  Levanziou 
Both  men  were,  naturally,  men  of  great  determination  and  above 
all  of  implicit  faith  and  confidence  in  their  idea.  Levanzin  be- 
lieved fasting  to  be  a  panacea  for  all  ills  and  the  very  fact  that 
he  is  of  that  type  of  man  who  can  narrow  his  horizon  about  an 
idea  and  stubbornly  resist  all  invasions,  gave  him  the  best  eqiiii>- 
ment  for  the  fight  against  the  natural  demands  of  the  flesh. 
Such  a  type  of  mind  cannot  be  called  abnormal,  although  it  is. 
unusual.  The  feeling  of  hunger  was  at  all  times  even  during' 
the  first  stages  of  the  fast  denied  by  Levanzin.  This  statement 
should  not  be  disbelieved  even  though  the  general  experience 
of  most  men  is  extreme  discomfort,  which  those  who  fast  teU 
us  only  disappears  after  the  second  or  third  day  as  in  the  case 
of  Succi.  With  Levanzin  and  perhaps  with  other  fasters  this 
feeling  of  himger  may  have  been  suppressed  from  the  beginning 
by  autosuggestion.  The  fact  of  the  deep  ingrained  faith  in  the 
fast  makes  this  plausible.^^ 

The  condition  of  Succi's  higher  mental  processes  was  only 
ascertained  by  general  observation.  These  agree  with  those  upon 
Levanzin.  There  was  at  no  time  any  symptom  of  hallucination 
or  lack  of  clearness  in  the  thought  processes.     Luciani  writes: 

"E.  Bardier,  in  criticising  Bemheim^  writes:  "Au  sens  ou  Tentend 
Bernheim,  let  jeuneurs  qui  se  soumettent  4  Tinanition  r^sistent  facilement, 
tout  simplement  par  le  faia  d'une  auto-suggestion.  Discutant  en  particulier 
le  jeune  de  Cetti,  il  admet  que  ce  dernier-tout  en  n'6tant  pas  un  hysterique — 
s'est  suggestionne.  II  demeure  convaincu  qu'il  conservait  toute  sa  force 
physique,  *cela  sufl5t  pour  realiser  le  phenomene;  I'idee  fait  Tacte;  il  s'ex- 
alte,  il  s'entraine,  il  se  nourrit  de  son  idee,  il  se  montre  avec  complaisance 

i  ses  visiteurs,  il  jouit  de  son  triomphe;  Tesprit  domine  le  corps;  etc' 

Le  jeuneur,  par  sa  volonte,  arrive  4  resister  a  lliabitude  de  manger;  il  ob6it 
a  sa  conscience  qui  le  somet  a  Tabstinence,  mais  certainement  sa  volont6 
doit  etre  incapable  de  provoquer  la  suppression  d'une  sensation."  Op.  cit.  p.  10. 
See  also  footnote  p.  3. 
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"Am  13  Hungertage  wollte  ich  seine  Ausdauer  bez.  geistiger 
Anstreg^ngen  auf  die  Probe  stellen,  indem  ich  ihm  schwierige 
Oder  unlosliche  metaphysische  und  theosophische  Fragen  vor- 
legte  und  bestandig  Einwiirfe  gegen  seine  Antworten  erhob,  in 
der  Absicht,  seinen  Verstand  zu  ermtiden.  Ich  muss  gestehen, 
nicht  bemerkt.  zu  haben,  dass  sein  Geist  dabei  mehr  ermiidete 
als  der  jedes  andern  Sterblichen  von  gleichem  Bildungsgrade 
und  gleicher  Begabung,  wenn  man  ihn  solchergestalt  martert."^* 
Levanzin  is  a  man  of  a  much  higher  level  of  intelligence  and 
intellectual  training  than  Succi.  At  all  times  during  the  fast  he 
was  very  eager  to  enter  into  discussions  upon  abstract  subjects 
such  as  the  value  of  the  Esperanto  langfuage,  the  political  con- 
ditions in  Malta,  the  possibility  of  mental  telepathy  and  theories 
of  spiritism  as  well  as  the  value  of  fasting.  It  could  not  be  ob- 
served that  there  was  any  diminution  of  his  argumentative 
powers  or  lack  of  lucidity  of  expression.  When  aroused  to 
counter  argumentation  he  showed  the  same  energy  in  reply  at 
the  end  as  at  the  beginning  of  the  fast. 

Succi's  muscular  strength  as  well  as  his  sensory  acuity  wa5 
ascertained  in  a  manner  somewhat  similar  to  the  method  em- 
ployed for  Levanzin  and  the  results  will  be  compared  in  the 
following  summary  and  interpretation  of  results: 

I.  In  the  Dynamometer  tests  made  upon  Succi  it  is  impossi- 
ble to  tell  from  the  text  how  many  trials  were  made  daily.  As 
the  curves  for  the  ten  trials  and  for  the  initial  trial  for  Levan- 
zin are  similar,  the  ten  trial  curve  will  be  considered.  It  is  safe 
to  assume  from  lack  of  mention  of  the  fact  and  from  the  nature 
of  the  curves  that  Succi  was  right  handed.  It  will  therefore  be 
necessary  to  compare  the  curve  of  the  right  hand  of  Succi  with 
that  of  the  left  hand  of  Levanzin. 

It  will  be  remembered  that  the  strength  of  both  hands  was 
found  to  increase  after  the  drop  on  the  second  day  until  the 
right  hand  (VII)  reached  its  maximum  on  the  12th  day  and  the 
left  hand  (V)  on  the  i6th  day,  both  curves  then  dropping 
steadily  from  this  point,  the  right,  however,  less  than  the  left, 

"•  Op.  Cit.  Pp.  68-69. 
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for  the  left  reached  a  minimum  on  the  31st  day,  while  the  r%irt 
during  the  fast  never  dropped  as  low  as  the  record  of  the  I9ih 
day.  There  is  a  very  striking  similarity  between  them  and 
Succi's  tests.**  Both  of  Succi's  curves  also  drop  after  the  first 
trials  and  then  rise  again,  his  left  reaching  a  maximum  oil  the 
14th,  his  right  on  the  20th  day,  as  compared  to  the  12th  and 
1 6th  days  of  Levanzin.  Succi's  curves  then  drop  also,  but  the 
left  drops  more  than  the  right  which  is  the  reverse  of  Levan- 
zin's  curves.  With  Succi  both  maximums  are  greater  than  the 
first  day's  records  while  with  Levanzin  this  is  only  the  case  with 
the  left  hand.  This  agrees,  however,  with  Levanzin's  records 
for  the  initial  daily  trials  (IX,  X).  Further  Levanzin  was  aUe 
to  make  a  spurt  at  the  end  of  the  fast  with  both  hands,  this 
spurt  extending  through  several  days.  Succi  was  only  aWe  to 
spurt  with  one  hand  and  that  on  the  last  day,  the  curve  for  the 
other  hand  remaining  stationary. 

Luciani  attributed  the  rise  of  the  curve  alone  to  autost^- 
gestion.  It  seems  quite  probable,  inasmuch  as  both  men  be- 
lieved that  their  strength  would  be  increased  by  the  fast,  that 
this  idea  strengthened  their  determination  and  that  they  bet- 
tered their  results  by  sheer  "will  power."^^  There  is,  however, 
another  possibility  which  may  be  assumed  without  denying  the 
influence  of  autosuggestion  and  that  is  that  at  least  in  the  case 
of  Levanzin,  who  was  unused  to  such  tests,  the  coordination  of 
the  muscles  became  gradually  more  perfect  and  further  that 
these  muscles,  which  were  being  exercised  daily  increased  for  a 
time  in  strength  as  they  would  have  done  under  normal  condi- 
tions, but  in  this  case  possibly  to  the  detriment  of  other  muscle 
groups.  In  both  cases  with  both  hands  fatigue  gained  the  as- 
cendency over  practice  effect  and  possibly  over  autosuggestion 
about  the  middle  of  the  fast,  causing  the  curves  to  drop.  In  the 
case  of  Levanzin's  unpracticed  hand,  however,  the  effect  of 

"Op.  cit.  p.  55- 

*•  E.  K.  Strong,  Jr.,  in  his  paper  entitled  "The  Effect  of  Various  Types  of 
Suggestion  upon  Muscular  Activity"  (Psych.  Rev.  1910  Pp.  278)  says:  "The 
auto-suggestion  tends  most  strongly  of  all  the  types  of  suggestion  to  heighten 
the  maxima." 
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practice  had  more  room  to  work  and  held  the  curve  up  longer 
than  in  the  case  of  the  practiced  hand. 

2.  The  tapping  test  (III)  is  also  influenced  by  the  condition  of 
the  muscular  tissue,  but  there  is  another  factor  more  essential 
here  than  strength  and  that  is  the  reaction  time.  As  in  the 
strength  tests  so  here  there  is  a  rise  at  first,  but  here  it  is  of  much 
shorter  duration,  the  maximum  of  215  taps  in  30  seconds  being 
reached  already  on  the  sixth  day.  The  following  considerable 
drop  imtil  the  15th  day,  at  a  time  when  the  strength  tests  are 
showing  more  efficiency,  may  possibly  be  caused  by  a  lessening 
in  the  interest  for  this  test.**^  About  the  middle  of  the  series  this 
interest  and  increased  effort  for  a  good  record  may  have  re- 
turned, judging  from  the  results,  but  fatigue  had  by  that  time 
set  in  and  the  curve,  although  rising  until  the  last  day  is 
never  quite  able  to  reach  the  maximum  of  the  sixth  day ;  that  is, 
there  was  some  falling  off  in  the  rapidity  of  reaction,  which 
judging  from  the  results  of  the  strength  test  is  due  rather  to  a 
change  in  the  muscle  tissue  than  to  a  change  in  the  nervous 
arc.^®  From  what  we  know  of  the  effect  of  practice  in  such 
tests  it  is  most  probable  that  if  it  had  not  been  for  this  increased 
muscular  fatigue  the  curve  would  have  reached  an  appreciable 
maximum  at  the  end  of  the  series.     From  the  fact  of  the  very 

"  See  pp.  7  and  9. 

'*As  the  tapping  tests  preceded  the  strength  tests  the  objection  can  no^ 
be  raised  that  the  hand  was  being  unusually  fatigued  by  these  latter  tests. 

In  reference  to  the  tapping  test  under  normal  conditions  Well  writes  that 
"The  objective  fatigue  phenomena  which  we  note  in  the  test  are  in  all 
probability  fatigue  phenomena  in  the  refractory  phase  or  a  lowered  efficiency 
of  coordination,  equally  a  product  of  altered  synaptic  conditions ;  the  sensations 
of  fatigue  on  the  other  hand,  may  with  squal  assurance  be  ascribed  to  tissue 
changes  within  the  muscles  that  take  place  as  a  result  of  their  continued  effort/' 
(F.  L.  Wells.  Normal  Performance  in  the  Tapping  Test  before  and  during 
Practice,  with  Special  Reference  to  Fatigue  Phenomena.  A.  J.  of  Psych. 
1906,  p.  473.)  In  the  above  tests  the  change  in  muscular  tissue  is  due  to 
emaciation,  a  fact  that  does  not  play  a  role  in  the  test  to  which  Wells 
refers.  At  no  time  did  Levanzin  speak  of  sensations  of  fatigue  and  judging 
alone  from  his  facial  and  bodily  expressions  there  is  no  data  from  which  to 
assume  that  they  were  greater  at  the  end  than  at  the  beginning  of  the  fast. 
As  to  the  synaptic  conditions  there  is  nothing  in  the  test  to  point  to  a 
change. 
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small  difference  between  the  average  of  the  first  ten  and 
seconds  on  the  sixth  day  when  the  maximum  was  reachcd»  as 
compared  with  the  great  difference  in  the  aknost  eqnattjr  good 
result  of  the  last  day,  it  is  evident  that  on  the  first  day  the  good 
performance  of  the  first  ten  seconds  practically  coittJiiues 
throughout  (in  both  instances  the  best  record  was  made  during 
the  first  ten  seconds)  while  on  the  last  day  the  eflEect  of  prac- 
tice as  shown  in  the  initial  performance  was  counterbalanced 
toward  the  end  by  fatigue.^®  These  results  seem  to  cast  further 
doubt  upon  Luciani's  hypothesis  of  autosuggestion  in  the 
strength  test,  for  surely  autosuggestion  should  play  as  great,  if 
not  a  greater,  role  in  the  tapping  tests  during  those  da3rs  in 
which  according  to  the  strength  tests  it  would  have  to  be 
sumed  at  work.  The  results  of  the  tapping  test  are  indeed 
rectly  opposed  to  such  a  theory. 

To  sum  up  it  may  then  be  said  that  although  initial  lade  of 
interest  and  later  muscular  fatigue  played  a  role,  both  factors 
being  directed  toward  a  decrease  in  the  amount  of  woric,  yet 
the  nervous  impulse  toward  the  end  was  sufficiently  great  to 
bring  the  curve  back  to  its  initial  level  and  almost  to  its  maximum. 

3.  The  threshold  for  tactual  space  perception  (XI)  decreased 
somewhat  as  the  fast  progressed.  It  was  on  the  average  much 
better  during  the  last  half  than  the  first  half  of  the  series.  Simi- 
lar tests  were  made  upon  Succi  upon  a  number  of  different  parts 
of  the  body,  but  only  on  three  days,  before  the  fast,  on  the 
1 5th  day  and  on  the  29th  day.  On  some  parts  of  the  body  there 
was  an  increase  on  other  parts  a  decrease.  Luciani  believed  the 
difference  in  the  three  days  due  to  differences  in  degree  of  at- 
tention. On  that  part  of  the  body  corresponding  most  closely 
to  the  spot  used  in  these  tests  i.e.  the  lower  third  of  the  volar 
side  of  the  forearm,  there  happened  to  be  a  rather  large  decrease 
in  the  threshold,  the  three  thresholds  being  respectively  16,  il 
and  10  mm.^^    Authorities  differ  as  to  whether  practice  lowers 

"Wells  writes  "the  true  practice  gain  is  one  mainly  in  the  initial  effidency 
of  performance,  as  distinguished  from  the  warming  up  gain,  which  shows 
itself  chiefly  in  continued  efficiency  of  performance."    Op.  cit.  p.  478. 

•Op.  cit.  p.  64. 
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the  threshold  in  tests  performed  under  normal  conditions.  Dres- 
slar^^  for  example,  found  that  practice  had  a  considerable  effect. 
Solomon^*  found  that  if  the  subject  is  not  informed  of  his  er- 
rors there  is  no  effect  of  practice.  In  the  above  tests  the  subject 
was  never  told  of  his  mistakes  and  "vexier"  trials  were  intro- 
duced at  frequent  intervals  and  in  no  special  order,  yet  there 
was  a  lowering  of  the  threshold.  This  may  and  probably  is  due 
to  several  causes.  A  physiological  cause  would  be  a  decrease  in 
the  fat  thus  exposing  the  nerve  endings  and  making  them 
more  sensitive.  On  the  psychological  side  increased  attention, 
which  we  find  indicated  in  other  of  the  tests  would  lower  the 
threshold  for  discrimination.  Also  as  the  tests  progress  the 
image  of  the  criterion  used  becomes  cleared.  From  what  is 
known  of  the  process  of  perception,  this  is  a  most  important 
factor  in  explaining  the  above  effect  of  practice.  The  physio- 
logical change  is  the  only  one  which  could  be  attributed  unequivo- 
cally to  the  fast.  The  central  change  occurs  in  series  under 
normal  conditions. 

If,  as  has  been  often  assumed,  the  tactual  space  threshold  test 
is  a  measure  of  mental  fatigue,  then  it  must  be  concluded  that 
there  is  no  indication  of  such  fatigfue  during  the  fast. 

4.  The  visual  acuity  (XII)  showed  an  astonishing  better- 
ment. From  17  feet  as  the  distance  of  clear  vision  for  the 
particular  test  card  employed,  the  curve  ascended  rapidly  to  37 
feet  on  the  14th  day  and,  although  there  is  a  falling  off,  36  feet 
is  the  record  for  the  last  day  of  the  fast. 

If  it  were  not  for  the  maximum  of  37  feet  midway  in  the 
series,  the  improvement  would. be  comparatively  a  steady  one. 
One  explanation  that  suggests  itself  is  that  the  possible  change 
in  intra-occular  tension  caused  the  eye-ball  to  change  its  shape. 
Unless  his  glasses  were  not  the  proper  ones  for  him,  however, 
a  change  in  the  eye  should  cause  more  rather  than  less  difficulty 
as  long  as  he  wore  his  glasses.     Furthef  the  suddenness  of  the 

"F.  B.  Dresslar.  Studies  in  the  Psychology  of  Touch.  A.  J.  Psych,  pp. 
313-368.    1894. 

"L.  M.  Solomons.  Discrimination  in  Cutaneous  Sensations.  Psych.  Rev. 
p.  246-250.    1897. 
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rise  seems  to  vitiate  such  a  theory.  A  satisfactory 
seems  difficult  to  find.  It  might  be  said  that  the  37  feet  record 
was  made  by  chance.  This  also  seems  precluded  by  the  fact  of 
the  number  of  previous  steps  in  which  10  correct  answers  were 
given  and  from  the  evidence  of  confidence  displayed  by  the 
subject.  ^^ 

Succi's  eyes  were  examined  with  the  opthalmoscope  and  fats 
acuity  measure  before  the  fast  and  on  the  15th  and  28th  day  at 
the  fast,  but  no  change  was  detected.^*  If  Levanzin  had  hap- 
pened to  be  measured  on  the  third,  sixteenth  and  one  of  the  dayB 
toward  the  end  of  the  series  only,  the  change  would  have 
thought  as  negligible  as  in  the  case  of  Succi.  In  all  such 
where  the  daily  fluctuation  is  considerable  three  tests  in  a  mmith 
are  not  sufficient  upon  which  to  base  a  judgment  as  to  the  chan^ 
in  sensory  acuity  or  higher  mental  processes. 

5.  The  rote  memory  for  digits  (II)  showed  very  little  chan^pe. 
There  is  a  slight  suggestion  of  improvement  during  the  first 
half  of  the  series.  Judging  from  the  curve  which  indicates  th^ 
point  at  which  the  first  mistake  was  made  (HB),  one  can  say 
that  there  was  a  gradual  improvement  in  this  respect,  especially 
in  the  first  half  of  the  series,  which  is  probably  in  part  due  to 
a  betterment  in  the  perception  of  the  spoken  word,  but  especially 
to  an  increase  in  attention,  it  becoming  more  sustained  as  the 
fast  progressed.  The  rote  memory  for  sense  words  (lA) 
showed  a  greater  improvement  than  did  that  for  digits.  Here 
probably  the  practice  effect  consisted  in  the  forming  of  associar- 
tions  between  the  words.  The  most  marked  improvement  of 
all  is  in  the  retention  after  a  longer  period  of  time,  i.e.  after 
55  min.  (IB) 4  This  is  probably  also  due  in  part  at  least  to  the 
more  frequent  forming  of  associations.    In  addition  the  repeti- 

"  The  subject  did  not  know  whether  he  w>as  right  or  wrong  or  how  many 
correct  answers  constituted  a  threshold,  so  that  the  results  could  not  have 
been  prearranged  by  him.  And  if  they  could  have  been  he  would  not  have 
allowed  such  a  good  record  already  on  the  14th  day.  The  high  threshold 
on  the  last  day  is  obviously  due  to  his  unusually  poor  physical  conditkm 
(when  if  at  any  time  one  might  be  justified  in  speaking  of  a  lack  of  effort). 

•*0p.  cit.  pp.  66-67. 
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tion  of  the  same  task  through  so  many  days  undoubtedly  strength- 
ened the  determining  tendency,  i.e.  the  determination  taken 
at  the  time  of  memorizing  for  the  words  to  appear  in  con- 
sciousness again,  it  remaining  either  in  consciousness  or  sub- 
consciousness during  the  interval.  According  to  Lievanzin's 
statement  his  mind  did  not  revert  to  the  task  within  the  hour. 

Experiments  upon  memory  under  normal  conditions  also  show 
the  effect  of  practice  as  evidenced  by  an  appreciable  increase  in 
the  memory  span  which  may  continue  for  a  period  of  two 
months.^' 

6.  The  Cancellation  test,  (XXI)  which  employs  to  a  greater 
degree  the  higher  functions  of  perception  and  attention  shows 
the  greatest  improvement  of  any  of  the  tests  used.  This  im- 
provement continues  from  the  sixth  to  the  last  day  of  the  fast. 
The  accuracy  is  so  high  throughout  the  series  that  the  slight 
improvement  in  the  latter  part  of  the  tests  is  of  no  significance. 
Experiments  have  shown  that  fatigue  affects  the  accuracy,  so 
that  again  we  have  evidence  against  an  increase  in  mental 
fatigue.^^ 

Besides  an  improvement  in  the  above  named  functions,  the 
increase  in  visual  acuity  may  have  been  a  factor  in  the  results. 
On  the  other  hand,  from  the  results  of  the  tapping-test  and 
strength  tests  one  must  conclude  that  the  betterment  is  in  no 
degree  due  either  to  a  betterment  in  reaction  time  or  motor 
ability. 

7.  The  free  association  time  (XIII)  is  on  the  whole  shorter 
during  the  latter  part  of  the  series.  If  it  were  not  for  a  rapid 
drop  in  the  middle  of  the  curve  after  a  rise  similar  to  that  in  the 

"T.  L.  Bolton,  The  Growth  of  Memory  in  School  Children.  A.  J.  of 
Psych.  1892,  pp.  362-380. 

G.  Muller  &  F.  Schumann.  Experimentelle  Beitrage  zur  Untersuchung  des 
Gedachtniss,  Zeit.  fur  Psych.  6.  1894,  PP-  81-190,  257-339. 

W.  H.  Winch.  The  Transfer  of  Improvement  in  Memory  in  School- 
Qiildren.    B.  J.  of  Psych.  1908,  pp.  284-293. 

"B.  Bourdon.  CH)servations  Comparatives  sur  la  Reconnaisance,  la  Dis- 
crimination et  r Association.  Rev.  Phil.  1895,  pp.  153-185.  A.  Binet.  Atten- 
tion et  Adaptation,  Annee  Psych.  1900,  6.  Pp.  248-404.  C.  Ritter.  Ermiid- 
ungsmessungen,  Zsch.  fur  Psych.   1900,  pp.  401-444. 
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tapping-test  the  improvement  would  be  comparatively   steady. 
The  minimum  of  1.3  sec.  is  reached  on  the  day  before  the  last 
day  of  the  fast  and  should  be  compared  rather  with  the  1.9  sec 
of  the  third  day  than  with  the  2.5  sec.  of  the  first  day,  when 
Levanzin  was  unaccustomed  to  the  manner  of  reaction.     £ven 
when  this  comparison  is  made  it  is  seen  that  the  improvement  is 
considerable.     A  separation  of  the  curve  into  four  curves  cor- 
responding to  the  four  categories  used,  made  a  more  minute 
analysis  possible.    All  the  curves  (XIV,  XV,  XVI,  XVII)  show 
fewer  high  averages  in  the  second  half  of  the  series,  but  it  is  only 
in  the  abstract  curve  and  in  less  degree  in  the  adjective  series  that 
there  are  more  low  averages  in  the  second  half  of  the  curved     In 
fact  in  neither  of  the  other  two  curves  is  the  lowest  average  of 
the  first  half  of  the  series  again  equalled.    This  seems  to  indi- 
cate that  the  betterment  in  the  general  average  of  the  twenty 
words  is  principally  due  to  a  betterment  in  the  reaction  to  ab- 
stract words.     It  is  to  be  expected  that  the  most  difficult  as- 
sociations would  show  the  greatest  practice  effect.    In  the  noun 
and  verb  curve  there  is  an  almost  steady  rise  in  the  middle  of 
the  curve  corresponding  to  the  rise  in  the  middle  of  the  main 
curve.     It  seems  plausible  to  suppose  that  there  is  here  as  in 
the  tapping  test  a  falling  off  of  interest  and  that  this  would 
manifest  itself  more  readily  in  the  easier  tasks,  where  the  re- 
action is  likely  to  become  more  nearly  mechanical. 

The  general  improvement  is  also  seen  in  the  decrease  in  the 
variations  of  the  reaction  times.  In  all  four  curves  the  daily 
variation  is  much  less  in  the  second  half  of  the  series.  Parallel 
with  this  is  the  decrease  in  the  variations  within  each  day,  as  is 
shown  by  the  decided  drop  in  the  m.v.  curve  (XVIII).^*^ 

Although  the  improvement  in  the  reproduction  time  is  not  as 
great  as  in  the  association  time  yet  it  is  noticeable,  the  average 
of  the  second  half  being  lower  than  that  of  the  first,  although 

"Wells  conducted  long  series  of  association  reactions  with  normal  sub- 
jects and  for  all  of  them  found  an  improvement  in  the  reaction  time. 
"Practice  Effect  in  Free  Association,"  Ami  Jour,  of  Psych.  191 1.  Vol.  22, 
pp.  1-13. 
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the  very  low  time  of  .8  sec.  was  made  on  the  second  day  as  well 
as  during  the  second  half  of  the  series. 

The  quality  of  the  associations  was  good  throughout, 
(Tabk  II)  and  showed  no  striking  change.^®  The  reproductions 
were  so  nearly  perfect  from  the  first  that  nothing  can  be  said  in 
regard  to  them  to  support  the  results  of  the  memory  tests.  One 
might  add,  however,  that  neither  do  they  contradict  those  results. 

The  controlled  reaction  noun-verb  (XX)  shows  an  increasing 
lengthening  of  the  time  until  almost  the  end  of  the  series.  It 
is  quite  probable  that  this  was  caused  by  an  increasing  difficulty 
in  the  stimulus  words  selected,  a  factor  which  could  not  well  be 
avoided.  No  other  reason  suggests  itself  why  these  reactions 
should  have  taken  a  different  course  from  that  of  the  free  as- 
sociation tests. 

The  present  methods  of  testing  mental  capacity  unfortunately^ 
do  not  permit  one  to  make  dogmatic  statements  as  to  the  results; 
of  any  such  tests.  In  each  one  a  number  of  functions  are  in- 
volved any  one  of  which  may  have  produced  the  variations  which 
occur.  For  example  in  the  cancellation  test  there  is  involved 
among  other  things  attention  and  interest,  apperception  and 
discrimination,  nervous  impulse  and  motor  discharge.  When, 
however,  as  here,  a  set  of  tests  are  employed  in  which  the  same 

"W.  Weygandt's  results  are  hardly  comparable  to  those  obtained  in  these^^ 
tests  (Ueber  die  Beinflussung  geistiger  Leistungen  durch  Hunger,  Psych. 
Arbeiten,  4,  pp.  45-173).  His  subjects  fasted  for  periods  of  only  twenty- 
four  and  forty-eight  hours  at  a  time.  This  intermittent  fasting  seems  to 
cause  a  much  more  pronounced  disturbance  to  the  organism  than  a  pro- 
longed fast.  That  there  was  greater  exhaustion  seems  to  be  indicated  by  the 
fact  that  there  was  an  increase  in  the  associations  by  sound.  He  also  finds  that 
there  was  an  increase  in  the  outer  as  compared  with  the  inner  associations. 
(It  is  now  admitted  that  such  a  classification  of  reaction  words  cannot  be  made 
without  introspection.)  Weygandt  also  found  memory  to  be  effected.  The 
association  time  was  not  altered.  Aschaffenberg  studied  the  effect  on  asso- 
ciation reactions  of  the  exhaustion  produced  by  a  night's  work  without  food 
or  sleep.  (Studien  ueber  Associationen,  11  Teil.  Die  Associationen  in  der 
Erschopfung.  Psych.  Arbeiten,  2,  pp.  1-83.)  He  too  found  a  similar  decrease 
in  the  quality  of  the  reaction  words.  "Mit  der  Zunahme  der  Erschopfung 
wirkt  die  zugerufene  Vorstellung  immer  weniger  durch  ihre  Inhalt;  an 
dessen  Stelle  bestimmen  der  Klang  und  die  Tonfarbe  die  Reaction." 
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functions  are  more  or  less  active  and  they  all  show  a  similar 
trend,  then  a  conjecture  along  general  lines  seems  legitimate. 
And  further  when  there  is  a  very  decided  difference  and  it  is 
known  that  a  certain  function  is  of  prime  importance  then  one 
is  undoubtedly  justified  in  ascribing  the  outcome  of  this  test 
to  changes  in  this  function.  It  is  desired  to  make  it  plain  that 
no  exact  measurement  is  claimed,  but  merely  that  it  has  been 
possible  by  means  of  a  number  of  selected  tests  to  sketch  an 
outline  picture  of  the  condition  of  Levanzin's  psychophysio- 
logical organism. 

It  will  be  remembered  that  the  tests  range  from  those  involv- 
ing principally  the  muscle  groups  to  those  depending  in  a  higher 
degree  upon  central  factors.  The  tests  depending  most  on  the 
muscular  reactions  i.e.  the  strength  test,  showed  a  falling  off.  The 
tapping  test  which  also  involved  the  muscles  but  in  which  the 
rapidity  of  reaction  was  a  more  important  factor  showed  no 
improvement.  As  soon  as  one  turns,  however,  to  the  sensory  dis- 
criminations one  notices  an  increased  efficiency,  which  is  prob- 
ably due  either  to  a  change  in  the  peripheral  organs,  or  central 
processes  or  both.  Finally  all  the  tests  involving  the  higher 
processes  of  attention,  perception  and  association  show  improve- 
ment. In  a  word  there  was  a  loss  in  musctUar  strength  due 
probably  to  loss  of  tissue,  a  possible  gain  in  sensory  actdty  and 
a  decided  i^tcrease  in  the  efficiency  of  all  the  central  processes. 
It  would  be  premature  to  say  that  the  improvement  is  the  direct 
result  of  the  prolonged  abstinence  from  food,  in  as  much  as 
similar  improvement  has  been  observed  in  such  tests  under 
normal  conditions  due  entirely  to  the  effect  of  practice.  It  can 
be  stated,  however,  with  some  degree  of  certainty  that  the  com- 
plcte  abstinence  from  food  for  thirty-one  days  had  little 
effect  upon  the  higher  mental  functions  which  were  able  to 
dez'elop  through  practice  very  much  as  they  would  have  done 
under  normal  coftditions.  This  agrees  with  the  observations 
upon  the  physiological  conditions.  It  has  been  found  that  during 
a  fast  the  muscle  tissues  are  the  first  to  suffer  and  the  nervous 
tissues  the  last.  From  these  results  it  seems  that  up  to  the 
thirty-first  day  the  nervous  tissues  have  not  suffered. 
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These  results  also  confirm  in  part  the  general  observations 
made  by  those  fasting.  It  is  frequently  stated  by  them  that  they 
can  do  better  mental  work.  The  results  show  that  at  least  they 
can  do  approximately  as  well,  and  it  is  not  at  all  unlikely  that 
some  can  do  better,  for  it  must  be  remembered  that  there  is 
none  of  that  sluggishness  of  the  mental  processes  directly  after 
eating,  when  the  digestive  processes  are  at  their  height  and 
there  is  also  absence  of  indigestion  and  the  after  effects  of 
alcohol,  caffeine  and  tobacco.  That,  on  the  other  hand  as  has 
been  often  claimed,  they  are  able  to  do  more  muscular  work  and 
that  their  power  of  endurance  is  greater  is  in  this  case  at  least 
not  true.  Probably  the  contrast  of  their  actual  results  compared 
with  what  they  expected  would  happen  to  a  man  without  food 
makes  the  result  seem  greater  than  it  is.  The  claim  that  the 
senses  are  more  acute  has  been  verified  as  to  the  visual  acuity. 
It  is  hardly  likely  that  the  slight  difference  in  the  tactile  space 
threshold  would  have  been  noticed  by  the  faster.*® 

The  question  remains  as  to  whether  prolonged  fasting  is  bene- 
ficial or  dangerous  to  the  organism.  This  can  only  be  satisfac- 
torily answered  after  an  exhaustive  physiological  examination 
extending  over  a  long  period  of  time  subsequent  to  the  fast.  The 
tests  made  after  the  lapse  of  a  year  permit,  however,  of  some 
conjecture  in  this  regard  concerning  those  functions  at  least 
which  have  been  discussed  in  this  paper. 

The  strength  test  shows  a  great  improvement  over  the  former 
record.  Levanzin  exerted  a  pressure  considerably  greater  than 
at  any  time  during  the  long  series.  The  record  for  the  tapping 
test  is  also  above  the  maximum  of  the  previous  record.  The  as- 
sociation test  shows  a  marked  improvement  and  the  reproduc- 

"  Levanzin  stated  that  the  heightened  sensitivity  for  odors  made  walking 
on  the  streets  of  Malta  during  his  first  fast  positively  unpleasant. 

The  other  senses  were  examined  in  the  case  of  Sued  and  no  appreciable 
change  discovered.    Op.  cit. 

Whipple,  op.  cit.  p.  215,  in  speaking  of  the  effect  of  practice  in  the  aesthesio- 
meter  test  remarks  that  Dresslar  states  "this  practice  effect  is  .  .  .  rapidly  lost, 
being  reduced  very  definitely  within  eight  days  and  completely  lost  within  a 
month. 
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tion  is  also  better,  especially  in  that  it  varies  less,  and  the 
tion  of  sense  words  has  perhaps  also  slightly  inqiroved.  The 
tactual  space  threshold  and  the  rote  memory  for  sense  words 
are  about  the  same  as  at  the  end  of  the  fast.  Only  in  the  case 
of  the  memory  for  digits  and  in  the  cancellation  test  has  the 
previous  maximum  not  been  reached,  but  both  of  these  results 
show  consistently  good  results.  It  may  be  stated  in  short 
that  after  an  entire  year's  intermission  the  curves  ccmtiaued 
practically  from  the  point  they  had  previously  reached  if  not 
considerably  above  that  point  without  showing  that  loss  of 
tice  which  might  well  have  been  expected.  These  improved 
ditions  are,  however,  not  necessarily  traceable  directly  to  the 
beneficial  effects  of  the  fast.  In  regard  to  the  association  tests 
Levanzin  has  undoubtedly  become  still  better  acquainted  with 
the  English  language  and  in  respect  to  the  strength  tests  it  must 
be  noted  that  Levanzin  has  exercised  his  muscles  daily  according^ 
to  his  report.  In  general  he  has  lead  a  careful  life  pa)ring  espe- 
cial attention  to  his  diet.  There  is  also  the  possible  effect  of 
climate  and  his  new  surroundings  with  which  to  reckon.  Finally 
and  most  important  is  the  possibility  that  there  was  actually  a 
greater  effect  of  practice  in  the  first  series  than  appeared  in  the 
records  but  that  it  was  concealed  by  certain  opposing  effects  of 
the  fast,  so  that  the  results  of  the  later  tests  may  not  be  quite  what 
might  be  supposed  from  a  comparison  of  the  records. 

It  remains,  however,  an  undisputable  fact  that,  according  to 
the  tests  made  there  was  no  lasting  evil  effect  of  the  fast,  either 
upon  muscular  strength  or  mental  activity  and  that  from  one 
cause  or  another  Levanzin  was,  if  not  in  better  condition,  cer- 
tainly in  as  good  health  after  as  before  the  fast. 

The  author  takes  this  opportunity  to  express  his  appreciation  of 
the  kind  assistance  of  Dr.  F.  G.  Benedict,  Director  of  the  Nutrition 
Laboratory  and  of  the  advice  in  the  selection  of  the  tests  given  by 
Professor  Raymond  Dodge.  Thanks  are  also  due  to  Mr.  Carpenter 
and  the  other  members  of  the  Laboratory  for  their  ever  ready  aid. 
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Dreams 

As  has  been  already  stated  Levanzin  was  asked  to  recount  the 
dreams  he  had  had  during  the  previous  night.  From  these 
records  those  dreams  are  here  g^ven  which  pertain  to  food.  It 
will  be  seen  that  at  one  time  he  ate,  at  another  refused  food,  but 
in  neither  case  was  there  evidence  of  anything  but  a  normal 
emotional  reaction.  According  to  the  Freudian  theory  this  ab- 
sence of  an  intense  emotional  state  (there  were  no  nightmares 
nor  anything  else  in  the  records  indicative  either  of  mental  or 
bodily  distress)  means  that  the  will  ("wish")  to  fast  was  too 
strong  to  allow  of  any  serious  conflict  of  ideas.  A  great  part 
of  the  dreams  are  of  a  sexual  nature  and  are  not  here  given. 

April  13th.  I  saw  a  basket  covered  with  a  white  piece  of 
cloth,  which  I  imagfined  full  of  food.  When  I  tried  to  uncover 
it  several  black  rats  jumped  out  of  it  and  frightened  me. 

I  dreamed  I  was  passing  down  one  of  our  streets  in  Malta 
with  a  paper  bag  under  my  arm  containing  cheese  cakes  for  my 
daughter.  I  found  myself  in  a  state  of  mental  excitement  and 
after  going  a  certain  distance  I  found  that  the  lower  end  of 
the  bag  was  opened  and  the  cheese  cakes  were  gone.  In  their 
stead  was  a  white  hand. 

April  19th.  I  dreamed  I  was  in  a  shop  and  on  the  counter 
there  was  a  very  big  ham  of  about  ten  feet  diameter.  The  pro- 
prietor was  riding  on  the  top  of  it  with  a  knife  in  one  hand. 
"It  is  a  very  good  one,"  he  said.  I  answered,  "I  do  not  like  it. 
Do  you  not  know  I  am  fasting?"  Then  a  Friar  came  in  and 
said,  "I  will  take  it  in  his  stead,  because  I  like  it."  He  took  it 
and  swallowed  it. 

April  2 1  St.  I  dreamed  I  had  been  for  a  walk  in  the  coun- 
try. I  went  to  a  country  tavern  and  asked  for  something  to 
eat.  He  gave  me  a  beefsteak  and  some  fried  red  fish.  I  ate 
them  with  relish  and  asked  what  I  had  to  pay.  He  told  me 
$1.50  and  asked  if  that  was  too  much.  I  said  I  did  not  think  so. 
In  coming  out  of  the  tavern  I  saw  a  river  full  of  these  red  fish 
and  people  were  trying  to  catch  them.  I  said,  "You  are  fishing 
out  all  the  fish  and  if  you  continue  you  will  not  have  any  more 
to  eat." 
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April  II, 

1912 

April  13 

StimtiltiB 

Reaction 

Reaction 

Stimulus 

RMctkn 

Word 

Word 

Time 

Word 

Word 

T^m 

Paper 

ink 

2a 

Timid 

rabbit 

3Jff 

Bright 

li£^t 

2. 

Pulse 

hand 

9jO 

YeUow 

lemon 

1.8 

Mystery 

religion 

5<a 

Table 

knife 

IJ2 

Savage 

wolf 

^K4 

Spoon 

broth 

2.8 

Spirit 

angel 

^4 

Apple 

stem 

24 

Teeth 

to  eat 

2j5 

Sleep 

bed 

1.6 

Bargain 

profit 

5A 

Room 

door 

I^ 

Blunder 

mistake 

3^ 

Face 

eye 

2.0 

Temper 

nervous 

sa 

Carpet 

red 

1.8 

Abrupt 

cascade 

ajQ 

Animal 

white 

2,t 

Harp 

sing 

ajo 

Rain 

noise 

5. 

Switch 

machine 

^A 

Teach 

bench 

2. 

Wide 

sea 

sta 

Doctor 

knife 

4. 

Tailor 

stuff 

dx> 

Book 

no.  of  pages 

3.8 

Income 

money 

i«5 

Store 

glass  window 

1.6 

Splendor 

sun 

tJ8 

Horse 

tail 

2J2 

(Salve)  Solve  lip 

sus 

Island 

trees 

2:1 

Moon 

silver 

a^ 

Journey 

ship 

2.2 

Frost 

white 

iM 

Freedom 

banner 

2.0 

License 

wine 

xS 

Sweet 

sugar 
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1.2 
2.Z 

Average 
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April  12 

April  14 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reftetion 

Word 

Word 

Time 

Word 

Word 

Time 

Round 

table 

2.0 

Acceipt 

a  reward 

2^ 

Country 

green 

1.8 

Air 

blue 

2J5 

Silver 

spoon 

2.3 

Able 

sailor 

2jO 

Rabbit 

white 

2.0 

Abuse 

drink 

2J5 

Chair 

cushion 

3.0 

Address 

letter 

I^ 

Glass 

window 

2.0 

Blood 

red 

I.X 

Flower 

odor 

2^ 

Bad 

man 

14 

Sun 

brightness 

3^ 

Age 

90 

la 

Bread 

white 

2.3 

Agree 

wife 

XjO 

Wood 

hard 

3.0 

Boot 

black 

i^ 

Well 

water 

24 

(Tall)    Ball 

tree 

i^ 

Danger 

sea 

2.0 

Balance 

weight 

1.6 

Tired 

bed 

2.0 

Amuse 

theatre 

M 

Watch 

gold 

24 

Bottle 

ink 

lA 

Marble 

table 

1.6 

Band 

brass 

M 

Iron 

bar 

3^ 

Climate 

mild 

^ 

Bridge 

iron 

2.8 

Bite 

dog 

I.S 

Blind 

dark 

24 

Box 

wooden 

1.6 

Pencil 

wood 

3.0 

Contents 

book 

64 

Candy 

sweet 

34 

Boy 

small 

1.8 

Average 


2.5 


Average 
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April  15 

April  17 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Catch 

bird 

1.6 

Crawl 

serpent 

2.0 

Brain 

human 

2.6 

Clown 

buffoon 

24 

Broad 

street 

M 

Dizzy 

headache 

ij6 

Courage 

man 

2.2 

Distance 

my  country  • 

2.0 

Cease 

speak 

2a 

Cure 

physic 

2JS 

Brick 

red 

1.6 

Corn 

grass 

1.8 

Broken 

glass 

1.0 

Easy 

chair 

1.8 

Culture 

physical 

culture   1.6 

Distress 

sorrow 

2.0 

Compel 

servant 

34 

Decorate 

church 

1.6 

Cable 

iron  wire 

M 

Copper 

metal 

14 

Central 

station 

1.6 

Even 

ground 

24 

Crowd 

people 

IJ2 

Endurance 

fasting 

14 

Confess 

priest 

1.0 

Decline 

age 

1.0 

Carbon 

carbon  dioxide     1.8 

Cream 

sweet 

2.0 

Common 

sense 

1.0 

Firm 

strong 

34 

Day 

night 

2.0 

East 

west 

1.0 

Control 

engine 

1.0 

Degrade 

man 

1.8 

Chain 

iron 

1.0 

Corset 

woman 

1.0 

Course 

study 

2.2 

Flat 

floor 

1.8 

Delegate 

apostolic 

2.0 

End 

book 

3.0 

Average 


1.7 


Average 
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April  16 

April  18 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Defend 

Country 

1.8 

Hit 

hammer 

3.0 

Deck 

ship 

1.2 

Swallow 

food 

1.2 

Fresh 

air 

.8 

Suffer 

pain 

1.2 

Faculty 

arts 

I.O 

Build 

house 

1.3 

Deduct 

sum 

14 

Rubber 

teeth 

14 

Dinner 

good 

14 

Food 

good 

1.0 

Flavor 

odor 

2.2 

Park 

large 

I.I 

Displease 

anyone 

3-2 

Boat 

swim 

1.8 

Dog 

large 

2.0 

Smooth 

floor 

I.I 

Good 

man 

.6 

Straight 

way 

1.8 

Fault 

his  fault 

3.0 

Ugly 

man 

1.8 

Egg 

white 

14 

Gentle 

woman 

M 

Green 

tree 

1.8 

Naughty 

man 

2.0 

Fright 

dog 

2.2 

Power 

England 

1.6 

Drive 

horse 

1.2 

Strength 

athlete 

1.9 

Fairy 

tale 

14 

Charm 

woman 

3.0 

Hard 

stone 

.8 

Cost 

money 

i.o 

Function 

ceremony 

3-2 

Kindness 

woman 

2.2 

Profess 

religion 

14 

Break 

glass 

1.2 

Salt 

sea 

M 

Jaw 

mouth 

1.8 

Average 


1.7 


Average 
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April  19 

April  21 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Produce 

field 

M 

Pinch 

pin 

14 

Cry 

baby 

1.0 

Satisfy 

appetite 

& 

Freeze 

cold 

ij6 

Nourish 

food 

1J2 

Follow 

soldier 

5.8 

Drift 

wind 

^ 

Smoke 

pipe 

& 

Abuse 

drink 

I^ 

Rope 

long 

2.0 

Ditch 

deep 

IJS 

Omlet 

eat 

14 

Tiger 

fierce 

1.0 

Cap 

head 

1.0 

Music 

sweet 

I^ 

Burglar 

thief 

1.6 

Fish 

sea 

14 

Delicate 

woman 

.8 

Death 

eternal 

(22^) 

Thick 

paper 

2.8 

Soft 

paste 

2^ 

Expensive 

money 

1.0 

Ugly 

man 

la 

Dark 

night 

1.0 

Watchful 

policeman 

2JS 

Unfair 

unjust 

2.0 

Indecent 

conduct 

3-0 

Purpose 

scope 

I.O 

Haste 

hurry 

1.0 

Glory 

eternal 

1.2 

Comfort 

good 

2.0 

Mischief 

bad 

2.0 

Adventure 

strange 

i^ 

Occasion 

accident 

1.0 

Practice 

long 

i^ 

Nuisance 

wrong 

1.6 

Untrue 

falsehood 

1.6 

Overcoat 

dress 

1.0 

Merit 

high 

2^ 

Average 

1.6 

Average 
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April  20 

April  22 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reactioa 

Word 

Word 

Time 

Word 

Word 

Time 

Prefer 

ofike 

24 

Eat 

bread 

2.0 

Crush 

crowd 

2.0 

Open 

door 

1.0 

Allow 

pension 

1.6 

Divide 

reign 

1.8 

Drink 

water 

1.2 

Fade 

flower 

1.6 

(Solution) 

salt 

2.2 

Travel 

ship 

2.0 

Salute 

Umbrella 

rain 

S 

Hip 

thigh 

1.2 

Gift 

gold 

3.0 

Lightening 

thunder 

2.0 

Man 

long 

.8 

Parlor 

bedroom 

2.4 

Sailor 

ship 

1.2 

Snake 

serpent 

1.0 

School 

teacher 

1.2 

Wicked 

man 

1.2 

Dense 

air 

2.0 

Rich 

millionaire 

1.8 

Short 

man 

14 

Clean 

body 

1.2 

Weary 

travel 

1.6 

Bashful 

woman 

1.0 

Best 

book 

54 

True 

religion 

5^ 

Excuse 

pardon 

1.6 

Exchange 

money 

1.0 

Insult 

bad 

3.8 

Style 

literature 

1.0 

Prudence 

woman 

iJS 

Power 

gun 

1.0 

Caution 

wise  man 

2JZ 

Result 

good 

14 

Conceit 

ambition 

2:2 

Nonsense 

foolish 

1.6 

Captain 

ship 

M 

Seed 

plant 

1.0 

A 

Average 


Average 


1.9 


1.7 


April  23 

April  25 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Collapse 

sick 

24 

Join 

chain 

1.8 

Excite 

nervous 

1.6 

Clasp 

hand 

1.0 

Begin 

book 

1.8 

Advance 

pretention 

2.0 

Prosper 

progress 

24 

Argue 

discussion 

2.0 

Hat 

head 

1.2 

Mountain 

large 

I.O 

Sister 

brother 

1.0 

House 

beautiful 

14 

Ham 

meat 

2.0 

Neck 

strong 

1.0 

Crime 

justice 

2.8 

Lamb 

quiet 

1.2 

Tight 

shoe 

2.0 

Hero 

brave 

1.2 

Solid 

stone 

1.8 

Jealous 

woman 

14 

Cold 

winter 

1.6 

White 

snow 

2.0 

Clear 

sky 

14 

Serious 

man 

1.0 

Hope 

fortune 

3.6 

Vacant 

space 

1.0 

Dismay 

fear 

1.6 

Fertile 

land 

1.0 

Offense 

insult 

14 

Reason 

mind 

ij6 

Blunder 

mistake 

1.0 

Protection 

government 

1.8 

Future 

time 

4.0 

Solemnity 

festivity 

1.0 

Insist 

persist 

24 

Impudence 

woman 

3.8 

Trap 

wolf 

2.0 

Convenience 

etiquette 

3.0 

Oblong 

square 

14 

Scratch 

nail 

1.6 

Average 


2.0 


Average 
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April  24 

April  26 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Restore 

furniture 

14 

Forget 

memory 

la 

Impress 

printing 

1.8 

Dislike 

people 

1.0 

Flirt 

woman 

1.0 

Prepare 

lesson 

1.0 

Ask 

question 

1:2 

Admire 

virtue 

1.8 

Receive 

letter 

& 

Protect 

children 

1.6 

Baker 

bread 

1.0 

Starch 

white 

1.2 

Athlete 

strength 

1.0 

Mutton 

meat 

14 

Cradle 

baby 

1.0 

Ostrich 

feather 

1.0 

Bundle 

hay 

1.0 

Roof 

house 

2.0 

Elephant 

trunk 

1.0 

Little 

boy 

1.0 

Cheap 

money 

3.0 

Funny 

buffoon 

2.2 

Black 

dog 

& 

Gay 

sun 

1.2 

Tender 

meat 

14 

Dead 

black 

1.2 

Prompt 

answer 

14 

Slow 

worm 

1.6 

Ignorant 

man 

1.0 

Solemnity 

feast 

1.6 

Confidence 

familiarity 

2.0 

Annoyance 

fly 

1.0 

Jealousy 

woman 

.8 

Constancy 

virtue 

3^ 

Honesty 

good 

4^ 

Attention 

mind 

14 

Unbelief 

atheist 

24 

Uncertainty 

pendulum 

(12.6) 

Heroism 

warrior 

2.0 

Average 


1.5 


Average 


14 


April  27 

April  29 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaetion 

Word 

Word 

Time 

Word 

Word 

Time 

Accuse 

judge 

1.8 

Announce 

news 

la 

Appear 

Star 

2.0 

Stain 

ink 

IjO 

Polish 

wood 

1.2 

Finish 

lesson 

!-♦ 

Repeat 

lesson 

I.O 

Drag 

horse 

2jO 

Condemn 

delinquent 

2A 

Plead 

case 

2X> 

Car 

motor 

1.8 

Cork 

bottle 

2jO 

Knee 

leg 

1.8 

Toy 

child 

I^ 

Cloud 

white 

1.2 

Key 

door 

I^ 

Fun 

joy 

1.8 

Ox 

horns 

2^ 

Violent 

wind 

1.2 

River 

water 

I^ 

Sour 

acid 

1.0 

Rusty 

iron 

I^ 

Dim 

sound 

1.0 

Ungracious 

bear 

2X> 

Condition 

good 

1.0 

Irksome 

science 

2-4 

Deceit 

deceive 

3.0 

Equal 

balance 

4<0 

Fraud 

wrong 

3.0 

Late 

hour 

l^ 

Brutality 

animal 

2.0 

Accusation 

importation 

2jO 

Cup 

wine 

IJ2 

Corruption 

money 

2.0 

Equality 

fraternity 

3.0 

Poverty 

distress 

3^ 

Greasy 

pole 

1.2 

Imposition 

tax 

1.0 

Violet 

odor 

1.0 

Adoration 

Saint 

M 

Average 


1.7 


Average 


i^ 


April  28 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Persuade 

argument 

24 

Dig 

ditch 

1.0 

Get 

money 

1.0 

Sting 

bee 

2.2 

Preach 

priest 

1.0 

Spice 

pepper 

.8 

Star 

Venus 

14 

Ice 

cold 

1.0 

Picture 

beautiful 

1.8 

Lip 

red 

M 

Easy 

chair 

1.0 

Unclean 

dirty 

M 

Red 

rose 

1.0 

Rotten 

mud 

2.0 

Hard 

flint 

1.0 

Proposition 

geometry 

1.6 

Improvement 

progress 

1.0 

Infamy 

calumny 

2.2 

Competition 

commerce 

24 

(competence) 

Attraction 

actress 

2.0 

Average 

1.5 

April  so 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Adore 

Saint 

2.2 

Perish 

ship 

2^ 

Propose 

marriage 

14 

Uphold 

politics 

23 

Descend 

stairs 

1.2 

Slave 

misery 

2.8 

Violin 

music 

2.0 

(Path)   Pot 

country 

24 

Chapel 

church 

14 

Trumpet 

sound 

1.2 

Supreme 

being 

1.2 

Elegant 

woman 

1.6 

Impudent 

woman 

2.0 

Blame 

offense 

24 

Gain 

money 

1X> 

Idea 

noble 

IX> 

Worship 

God 

1.0 

Elevation 

Spirit 

14 

Noisy 

metronome 

2.0 

level 

ground 

1.0 

Average 


1.7 


May  I 

May  3 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Escape 

prison 

2.0 

Guide 

a  traveler 

64 

Admit 

arginnent 

2.0 

Care 

a  boy 

2.3 

Joke 

play 

3.0 

Denounce 

principles 

3.8 

Improve 

mind 

1.6 

Drop 

stone 

14 

Defy 

enemy 

1.2 

Suspect 

fault 

2.2 

Lamp 

fire 

2.0 

Saddle 

horse 

1.6 

Cabbage 

green 

1.0 

Sleep 

bed 

2.2 

Paste 

soft 

IJ2 

Fog' 

fruit 

1.0 

Poem 

beautiful 

1.0 

Skin 

animal 

M 

Spear 

piercing 

2J6 

Earth 

ground 

3-2 

Harsh 

sound 

1.2 

Rough 

weather 

1.2 

Unripe 

fruit 

I.O 

High 

mountain 

1.2 

Unwell 

sick 

1.0 

Idle 

servant 

14 

Vile 

fellow 

1.0 

Humble 

man 

2.0 

Admission 

employment 

3.0 

Active 

boy 

24 

Thankfulness 

gratitude 

2.0 

Health 

good 

14 

Dishonor 

bad 

3j6 

Aim 

noble 

1.8 

Intimacy 

friendship 

I.O 

Fame 

vain 

2.8 

Revenge 

fault 

34 

Shame 

wrong 

2.0 

Least 

thing 

2.6 

Ability 

great 

IJ2 

Average 


1.9 


Average 


2.1 


May  2 

May  4 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Deny 

favor 

2.0 

Fast 

long 

14 

Bum 

fire 

1.6 

Dream 

sleep 

2.6 

Paint 

wall 

1.8 

Taste 

food 

1.2 

Betray 

faith 

1.2 

Cook 

food 

14 

Dress 

clothes 

M 

Mark 

ink 

I.O 

Mouse 

black 

2.0 

Sparrow 

bird 

I.O 

Bam 

corn 

3.0 

Foot 

large 

1.6 

Song 

beautiful 

14 

Spider 

insect 

Z^ 

Spider 

feet 

2,6 

Forest 

trees 

1.0 

Scarlet 

fever 

1.6 

Stone 

heavy 

1.0 

Beautiful 

woman 

14 

Purple 

color 

1.0 

Yellow 

fever 

1.8 

Infamous 

calumny 

1.2 

Modest 

girl 

2.0 

Refined 

art 

IJ2 

Wealthy 

man 

2.0 

Ungracious 

bear 

1.8 

Justice 

right 

M 

Center 

circle 

1.6 

Trouble 

bad 

2.0 

Awkward 

gait 

1.8 

Quantity 

large 

1.6 

Supremacy 

authority 

2.0 

Reproach 

fault 

1.2 

Constancy 

perseverance 

1.6 

Energy 

force 

2.0 

Time 

quick 

1.2 

Crack 

nuts 

I.O 

Gin 

bad 

1.0 

Average 


1.8 


Average 


1.5 


May  5 

May  7 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

IffilCtfoil 

Word 

Word 

Time 

Word 

Word 

Time 

Invite 

guest 

1.6 

Wash 

clothes 

IjO 

Pin 

clothes 

14 

Elevate 

thought 

tA 

Tremble 

Deceive 

wrong 

2J6 

(Crumble) 

bread 

14 

Ramble 

about 

Xj5 

Attack 

enemy 

1.2 

Decay 

reign 

IJB 

Wood 

hard 

2.0 

Bible 

holy 

lA 

Dirt 

nasty 

3^ 

Pencil 

lead 

XjO 

Shoe 

tight 

1.2 

Crown 

king 

ZjO 

Camp 

large 

1.8 

Goat 

milk 

X^ 

Cannon 

big 

2.6 

Candy 

sweet 

JB 

Ashamed 

fault 

14 

Restless 

not  quiet 

3jO 

Unsafe 

war 

1.6 

Simple 

countryman 

Xj6 

Raw 

fruit 

2.0 

Reckless 

man 

IJ2 

Smooth 

ground 

1.2 

Eternal 

life 

1st 

Fortune 

money 

M 

Prosperity 

fortune 

IX> 

Disdain 

angry 

2.0 

Jealousy 

woman 

1J2 

Refinement 

art 

1.8 

Concealment 

to  hide 

^A 

Activity 

work 

la 

Advancement 

progress 

A 

Accident 

misfortune 

1.6 

Rancid 

butter 

i^ 

Scoff 

offender 

24 

Honesty 

good 

XjO 

Noisy 

clock 

2.0 

A 

Average 


1.8 


Average 


^A 


May  6 

May  8 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Dishonor 

sin 

24 

Deserve 

merit 

la 

Remove 

furniture 

1.6 

Wish 

fortune 

24 

Injure 

sword 

24 

Boast 

glory 

3-2 

Plunge 

water 

1.0 

Establish 

manufactory 

I.I 

Murder 

thief 

14 

Barber 

razor 

1.6 

Garden 

flower 

1.0 

Pebble 

stone 

M 

Nut 

crack 

2.0 

Heart 

beat 

la 

Stem 

heraldry 

2.0 

Machine 

work 

M 

Crab 

animal 

2.0 

Statue 

marble 

1.2 

Pickle 

burning 

2.0 

Certain 

thing 

2X> 

Noble 

gentleman 

l5 

Natural 

regime 

1.8 

Nice 

fellow 

1.2 

Correct 

grammar 

2J0 

Secure 

keys 

1.0 

Dusty 

street 

S 

Blue 

sky 

2.0 

Enormous 

building 

iJS 

Swift 

sparrow 

M 

Commandment  God 

I.O 

Disgrace 

fault 

2.0 

Excitement 

nervous 

.8 

Security 

policeman 

2a 

Restoration 

food 

1.6 

Unhappiness 

marriage 

2& 

Density 

mercury 

1.8 

Rhyme 

poetry 

I.O 

Infirmity 

sickness 

1.8 

Disaster 

Titanic 

1.2 

Return 

voyage 

1.6 

Average 


17 


Average 


1.6 


Moy  9 

May  II 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Paper 

write 

1.2 

Plunge 

water 

1.0 

Bright 

sun 

.6 

Guess 

enigma 

24 

Yellow 

fever 

M 

Rescue 

wrecked 

1.8 

Table 

mahogany 

3-2 

Believe 

God 

M 

Spoon 

food 

M 

Carve 

wood 

I.O 

Apple 

fruit 

.8 

Door 

house 

1.8 

Sleep 

night 

24 

Barley 

com 

1.0 

Cut 

animal 

1.8 

Eagle 

bird 

1.0 

Face 

beautiful 

1.2 

Chin 

face 

1.6 

Carpet 

ground 

14 

Pulse 

beating 

1.0 

Animal 

fierce 

1.6 

Alive 

man 

1.2 

Rain 

weather 

1.8 

Exquisite 

sweet 

1.6 

Teach 

lesson 

1.8 

Empty 

barrel 

1.2 

Doctor 

medicine 

I.O 

Bitter 

quassia 

1.8 

Book 

interesting 

M 

I-azy 

fellow 

.8 

Store 

goods 

3.0 

Modesty 

virtue 

1.0 

Horse 

animal 

1.6 

Immensity 

God 

1.6 

Island 

Malta 

1.2 

Preservation 

alcohol 

1.8 

Journey 

long 

1.0 

Prudence 

virtue 

1.2 

Freedom 

liberty 

.8 

Indiscretion 

vice 

1.2 

Average 


1.5 


Average 


14 


May  10 

May  12 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Roast 

meat 

I.O 

Find 

treasure 

2.0 

View 

panorama 

1.8 

Praise 

merit 

2.0 

Whistle 

a  whistle 

14 

Pump 

water 

1.0 

Alarm 

people 

2.6 

Try 

lesson 

1.8 

Indulge 

drinker 

14 

Guard 

tower 

1.8 

Frost 

white 

14 

Iron 

metal 

1.8 

Cask 

wine 

1.0 

Stomach 

empty 

1.8 

Curtain 

silk 

14 

Salmon 

fish 

I.O 

Nurse 

baby 

1.2 

Bath 

water 

1.2 

Ivy 

wall 

14 

Splinter 

wood 

1.2 

Thankful 

grateful 

1.0 

Unfit 

unable 

2.0 

Steep 

stairs 

1.2 

Ardent 

fire 

1.2 

Unwholesome 

air 

I.O 

North 

south 

2.2 

Gentle 

woman 

M 

Handsome 

lady 

1.2 

Faithful 

servant 

I.O 

Price 

high 

2.2 

Conflict 

nations 

1.2 

Appetite 

good 

1.2 

Anger 

bad 

2^ 

Fable 

Aesop 

2.0 

Idleness 

vice 

24 

Definition 

grammar 

1.8 

Betrayal 

traitor 

1.8 

Queer 

sound 

2J2 

Denouncement  fault 

2.0 

Ingenuity 

simplicity 

14 

Average 


1.5 


Average 


7 


May  13 

May  15 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

RemcHm 

Word 

Word 

Time 

Word 

Wortt 

Time 

Distrust 

enemy 

I^ 

Sin 

bad 

^A 

Run 

along  way 

2.0 

Applaud 

merit 

S 

Agree 

friend 

la 

Astonish 

marvel 

ij5 

Needle 

thread 

1:2 

Rejoice 

good  news 

2X> 

Chocolate 

sweet 

1.0 

Use 

tools 

1J2 

Twig 

tree 

1J2 

Spool 

loom 

14 

Napkin 

white 

la 

Sheep 

fur 

I^ 

Hill 

steep 

14 

Emerald 

precious  stone 

X^ 

Finger 

hand 

1.0 

Wagon 

coal 

ij6 

Pretty 

girl 

1.2 

Cottage 

college 

ij6 

Contented 

happy 

1.0 

Naughty 

boy 

1:2 

Absent 

minded 

1.8 

Exacting 

demand 

2j5 

Magical 

lantern 

M 

Thirsty 

man 

1J2 

Profane 

words 

la 

Playful 

boy 

1:2 

Introduction 

to  a  friend 

14 

Impulsive 

dashing 

I^ 

Amusement 

theatre 

1.2 

Faithfulness 

dog 

IX> 

Remorse 

sin 

.8 

Provocation 

insult 

I^ 

Calmness 

quietness 

la 

Contentment 

happiness 

I^ 

Nod 

head 

1.0 

Religion 

faith 

IX> 

Calculate 

Numbers 

1.0 

Profanity 

bad  word 

IjO 

Average 

1.3 

Average 

M 

May  14 

June  2,  IQ13 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Shock 

electricity 

14 

Adore 

God 

1.0 

Sweat 

heat 

1.8 

Perish 

ship 

ia> 

Melt 

snow 

14 

Propose 

marriage 

I.I 

Stun 

hit 

14 

Uphold 

opinion 

1.8 

Hunt 

deer 

2.0 

Descend 

mountain 

1.2 

Maiden 

woman 

1.8 

Slave 

poor 

2.2 

Bag 

sand 

2.0 

Violin 

song 

1.6 

Belt 

leather 

1.2 

Brook 

river 

IX> 

Cake 

sweet 

1.2 

Chapel 

church 

ia> 

Unhappy 

miserable 

1.6 

Trumpet 

sound 

1.0 

Pure 

blood 

1.8 

Supreme 

Being 

1.2 

Disorderly 

irregularity 

i5 

Elegant 

lady 

1.2 

Unemployed 

poor 

2.0 

Impudent 

boy 

2.8 

Wretched 

miserable 

2.0 

Blame 

fault 

2.1 

Indulgence 

vice 

1.6 

Gain 

money 

.8 

Agreement 

friendship 

1J2 

Idea 

beautiful 

14 

Advantage 

benefit 

1.2 

Worship 

God 

1.6 

Injury 

blow 

1.2 

Comfort 

pleasure 

3.0 

Outrage 

war 

1.6 

Noisy 

room 

ix> 

Rubber 

teeth 

1.6 

Level 

ground 

1.0 

Average 


1.6 


Average 


M 


June  3 

June  5 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Cover 

hat 

1.3 

Oppose 

enemy 

la 

Hasten 

pace 

1.0 

Enter 

house 

1.2 

Curse 

son 

Z^^ 

Drive 

horse 

1.0 

Hurt 

wound 

14 

Lecture 

public 

2.2 

Blush 

young  lady 

2.2 

Flag 

wave 

1.0 

Island 

Malta 

.8 

Ivory 

white 

1.0 

Copper 

mental 

IX> 

Bed 

sleep 

1.2 

Water 

flowing 

1.0 

Fountain 

water 

1.0 

Lettuce 

vegetable 

14 

Pie 

lemon 

1.6 

Brandy 

alcohol 

1.0 

Awake 

morning 

14 

Unseen 

God 

1.0 

Dull 

night 

14 

Merry 

happy 

1.6 

Many 

friends 

1.8 

Sacred 

church 

14 

Green 

leaves 

1.2 

Excellent 

exam 

1.6 

Divine 

God 

1.0 

Adorable 

Saint 

14 

Terror 

enemy 

1.2 

Life 

Eternal 

1.2 

Spite 

hatred 

14 

Opposition 

enemy 

1.2 

Advice 

council 

2.0 

Intellect 

mind 

1.2 

Contempt 

enemy 

1.8 

Sorrow 

grief 

14 

Dispute 

question 

1.2 

Education 

school 

1.2 

Telephone 

friend 

2.6 

Average 

14 

Average 

14 

June  4 

June  6 

Stimulus 

Reaction 

Reaction 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Word 

Word 

Time 

Caress 

baby 

14 

Scold 

child 

1.0 

Reduce 

salary 

I.O 

Walk 

Street 

1.0 

Reward 

behavior 

1.8 

Punish 

criminal 

2.2 

Talk 

English 

1.0 

Smell 

odor 

1.2 

Touch 

table 

1.0 

Send 

letter 

14 

Street 

long 

1.0 

Mill 

flour 

1.0 

Cane 

reed 

1.2 

Elbow 

hand 

1.2 

Soap 

soft 

14 

Milk 

white 

1.0 

Cheese 

English 

2.0 

Scissors 

cut 

1.2 

Drum 

sound 

1.0 

Moon 

night 

IJ2 

Happy 

healthy 

2.2 

Quiet 

night 

14 

Small 

boy 

1.0 

Infinite 

God 

1.0 

Difficult 

lesson 

1.2 

Brave 

soldier 

1.4 

Painful 

wound 

1.2 

Ornamental 

church 

1.0 

Grief 

sorrow 

1.0 

Dreadful 

fight 

14 

Thought 

good 

14 

Chance 

good 

14 

Credit 

great 

1.6 

Quarrel 

men 

2.0 

Fear 

death 

14 

Conscience 

good 

1.2 

Mercy 

God 

1.2 

Scandal 

bad 

1.8 

Sinful 

man 

1.0 

Evil 

bad 

1.6 

Average 


1.3 


Average 


1-3 


June  7 

Stimulus 

Reaction 

Reaction 

Word 

Word 

Time 

Irritate 

nerves 

1.0 

Tame 

animal 

1.0 

Feed 

animal 

1.2 

Imagine 

vision 

I.O 

Suffer 

pain 

1.0 

Dinner 

good 

la 

Raft 

sea 

1.2 

Chart 

fever 

1.8 

Glove 

hand 

1.0 

Bird 

sing 

1.2 

Afraid 

lion 

1.0 

Blue 

sky 

.8 

Anxious 

desirous 

1.2 

Long 

street 

1.0 

Audacious 

hero 

1.2 

Expression 

vocal 

1.2 

Mistake 

great 

1.2 

Devotion 

church 

1.2 

Errand 

boy 

I.O 

Expense 

great 

M 

Average 


1. 14 


AN  EXPERIMENTAL  STUDY  OF  DECISION  TYPES 
AND  THEIR  MENTAL  CORRELATES 

It  is  a  matter  of  common  observation  that  individuals  differ 
greatly  in  decision  time,  accuracy,  and  constancy  of  or  consistency 
in  subjective  decisions.  It  is  generally  supposed  that  the  slow 
in  decision  are  both  more  constant  and  more  accurate  than  the 
quick.  "Slow  but  sure"  is  a  popular  maxim.  The  chief  purpose 
of  this  investigation  was  to  determine  the  actual  nature  of  these 
various  decision  types — to  see,  for  example,  whether  "quick  but 
sure"  and  "slow  but  unreliable"  are  not  equally  true  of  certain 
classes.  In  other  words,  it  was  desired  to  ascertain  the  relation 
between  decision  time  and  constancy,  between  time  and  accuracy, 
and  also  between  the  subjective  and  objective  decision  ty-pes  thus 
determined.  A  further  purpose  was  to  determine  the  correlation 
subsisting  between  these  decision  factors  (viz. :  time  accuracy  and 
constancy)  and  other  mental  traits  such  as  memory,  association 
time,  suggestibility,  attention,  etc. 

The  experiments  were  conducted  in  the  Harvard  Laboratory 
during  the  years  191 1  to  1913.  In  all,  nineteen  subjects  took 
part;  three  of  them  (A,  C  and  L)  continued  through  the  two 
years*  work.  Twelve  participated  in  the  first  year's  experiments 
reported  in  the  first  part  of  this  paper,  and  ten  in  the  second 
year's  experiments  reported  in  Chapter  II.  All  were  members 
of  the  laboratory  and  trained  in  experimental  methods.  Five 
(D,  F,  I,  O,  and  P)  were  women.  Three  of  these  were  in  the 
first  year's  investigation  and  two  in  the  second. 

In  the  first  year's  experiments  on  decision  the  materials  used 
were  cards  upon  which  were  printed  the  names  of  the  objects  to 
be  decided  upon  from  various  points  of  view.  Of  these  there 
were  forty  pairs,  fifty  groups  of  three  each,  and  fifty  groups  of 
five  each.^     The  following  are  some  representative  examples. 

*A11  the  pairs,  twenty-five  groups  of  three  and  twenty-five  groups  of  five 
were  selected  from  material  prepared  by  G.  W.  Peckham,  who  had  begun 
work  upon  this  problem  in  the  Harvard  Laboratory,  but  found  it  necessary 
to  discontinue  the  investigation. 


2  /.  W.  BRIDGES 

Pairs:  violin  music,  piano  music;  Hamlet,  Macbeth;  orange 
marmalade,  baked  apple;  Hume,  Kant;  gunpowder,  printing; 
camel,  elephant.  Threes:  Poe,  Kipling,  Hawthorne;  wealth, 
strength,  power ;  literature,  science,  philosophy ;  baseball,  football, 
tennis;  Dante,  Goethe,  Shakespeare;  X-rays,  photography,  teleg- 
raphy; fountain  pen,  penknife,  watch.  Fives:  music,  sculpture, 
painting,  drama,  poetry;  peaches,  pears,  apples,  grapes,  cherries; 
chrysanthemum,  lily,  dahlia,  carnation,  rose ;  Rembrandt,  Holbein, 
Titian,  Rubens,  Ingres;  temperance,  wisdom,  justice,  courage, 
truth ;  bicycle',  safety  razor,  automobile,  telephone,  balloon.  The 
material  used  for  subjective  decision  in  the  second  part  of  the 
investigation,  and  that  used  for  accuracy  of  decision,  and  in  the 
several  tests,  will  be  described  under  the  sections  dealing  with 
these  various  experiments. 

RELATION  OF  TIME  AND  CONSTANCY 

The  first  experiments  performed  were  to  determine  the  relation 
between  time  and  constancy  in  relatively  subjective  decisions. 
These  experiments  can  be  divided  into  three  series.  In  the  first 
series,  consisting  of  forty  experiments,  the  pairs  of  cards, 
described  above,  were  exposed  by  tilting  back  a  shutter  behind 
which  they  had  been  placed.  The  subject  was  directed  to  decide 
as  quickly  as  was  compatible  with  sincerity,  and  to  raise  the 
right  or  left  hand  according  as  the  decision  was  for  the  right  or 
left  card.  The  basis  of  decision,  which  varied  with  the  nature 
of  the  concepts,  was  in  each  case  given  by  the  experimenter ;  thus : 
decide  according  to  your  preference,  their  greatness,  their  impor- 
tance, or  their  usefulness.  The  time  was  taken  with  a  stop 
watch,  which  was  started  at  the  same  instant  that  the  crank  of 
the  shutter  was  turned  back,  and  stopped  at  the  signal  of  the 
subject.  The  time  and  the  decision  were  recorded.  After  five 
weeks  the  experiment  was  repeated  in  the  same  way.  The 
decision  and  time  were  again  recorded  and  compared!  with  those 
of  the  first  presentation. 

The  results  of  <^^i«  ^^eries  of  experiments  are  shown  in  Tablr 
T     TVi^  n"*^^    "      -.Atyg-t^A  Ha/^ic^'o^s.  ^hf     /p-rqge  t»*^^  "for  tht 
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first  presentation,  the  average  time  for  the  second  presentation, 
the  combined  average,  and  the  number  of  first  decisions  remem- 
bered at  the  second  presentation,  are  given  for  each  of  the  nine 
subjects.  The  number  of  decisions  changed  varies  from  i  for 
subject  F  to  13  for  subject  G;  and  the  decision  time  from  1.46" 
for  C  to  3.30"  for  H.  There  is,  however,  no  evidence  of  a  car- 
relation  between  time  and  constancy.  The  figures  in  the  last 
column  give  some  idea  of  the  part  played  by  memory  in  this 
experiment. 


TABT.E  I 

Results  with  Pairs 

Subject 

No.C 

A.  T}          A.  r.» 

A.T} 

No.R. 

F 

I 

2.96                2.34 

2.6$ 

31 

A 

4(-i) 

2.74                2.56 

2,6$ 

9 

B 

5  (-2) 

2J28                2.91 

2.60 

7 

E 

5 

2.54                2.23 

2^ 

7 

C 

6(-i) 

i^                1.57 

1.52 

3 

H 

7 

3.30                3.12 

3.21 

18 

D 

8(-i) 

2u|9                 1.99 

2.24 

12 

I 

io(-.i) 

2.00                 1.43 

I.7I 

20 

G 

I3(— 3) 

3.04                 2,7s 

2.89 

14 

No.  C.  =  Number  of  changed  decisions.    Those  in  brackets  doubtful. 

A.  T*.  =  Average  for  first  presentation. 

A.  T.*  =  Average  for  second  presentation. 

A.  T.*  =  G)nibined  average. 

No.R.  =  Number  of  decisions  remembered  from  first  to  second  presentation. 


In  order  to  eliminate  the  mennory  factor  as  far  as  possible,  a 
more  complex  series  of  experiments  was  devised.  This  second 
series  consisted  of  the  fifty  groups  of  three  cards  each.  These 
were  arranged  by  the  subject  in  order  of  preference,  greatness, 
importance,  or  usefulness.  The  method  was  otherwise  the  same 
as  in  Series  I.  The  motor  activity  of  arranging  the  cards  was 
rendered  approximately  constant  in  the  following  manner:  On 
tilting  back  the  shutter  the  cards  were  exposed  in  an  upright 
position  between  two  slats.  The  subject  removed  each  card  and 
laid  it  down  whether  the  presented  arrangement  was  maintained 
or  changed.  This  series  was  also  repeated  in  four  to  five  weeks, 
except  in  the  case  of  subjects  K,  J  and  L ;  here  the  time  between 
first  and  second  presentation  was  seven  to  eight  weeks      Tbe 
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same  directions  for  arranging  the  cards  were  given  the  subject 
on  each  occasion ;  but  a  change  of  the  basis  of  decision  sotnetiiiies 
occurred  under  the  category  specially  mentioned,— e.g.,  impart 
tance  might  mean  importance  to  self,  to  the  world,  to  science,  etc 
The  possibility  of  such  changes  was  as  far  as  possible  avoided; 
but  all  differences  due  to  these  changes  or  to  lack  of  knowledge  of 
the  material  were  eliminated.  The  results  of  this  series  are 
shown  in  Table  II.  The  number  of  changed  decisions,  and  the 
average,  and  the  median  for  the  first  and  for  the  second  presoi- 
tat  ions  are  given.  Also,  in  columns  marked  "Above  M*"  and 
"Below  M^",  the  changes  in  decisions  whose  times  are  above  or 
below  the  median  in  the  second  presentation  are  given.  There 
are  always  more  changes  in  decisions  above  the  median.  This 
may  be  explained  by  supposing  that  the  uncertain  decisions  take' 
the  longest  time,  and  are  also  the  more  liable  to  change. 


TABLE  II 

Results  with  Groups  of  Three 

Above 

Below 

Subject 

No,C. 

A}           M?^           A.' 

M.^ 

AP 

if* 

A 

II 

8.7            8j5            9.5 

9.3 

9 

2 

K 

i6(-6) 

6.3            5.6           10. 1 

7.3 

12 

4 

J 

17  (-5) 

7.1             6.2            5.7 

5.0 

15 

2 

D 

i6 

5.8            5.5            5.5 

4.8 

9 

7 

F 

17 

7^            6.8            6.8 

5.6 

12 

5 

E 

i8(-i) 

7.3            M             6.5 

6.3 

10 

8 

B 

20(— 3) 

9.6            9.0            8.3 

7.6 

13 

7 

C 

21  (-4) 

9.5            84            6.5 

5.4 

13 

8 

L 

25  (—7) 

16.4           13.5           12.3 

II. I 

16 

9 

H 

28(-5) 

ii.o           10.2            8.1 

7.9 

19 

9 

G 

27 

8.9            &6            8.3 

7.8 

17 

10 

I 

32  (-2) 

4.3            4.2            4.9 

(Total) 

44 

18 
.  163 

14 

is 

66%       54% 
No.  C.  =  Number  of  changed  decisions. 

A.*  =  Average  for  first  presentation. 

A.*  =  Average  for  second  presentation. 

M.^  =  Median  for  first  presentation. 

M.'  =  Median  for  second  presentation. 
Above  M'  and  Below  M'  =  Ntiniber  of  changed  decisions  above  and  below 

the  median  in  the  second  presentation. 
In  Brackets,  doubtful  decisions  to  be  subtracted. 


Table  I^T-  \  shows  hov  ^^^  ciihi'^rfg  rnieht  be  classified  accord- 
''Hg' tc  ^o<*      ^^'   "*  "^^^  •    .-•^^-    "O  ppnVi  o^her  ^nH  somc 
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subjects  are  difficult  to  place.  The  memory  factor  which  vitiated 
the  results  of  the  first  series  (see  table  I)  was  almost  negligible 
here,  and  entirely  so  in  Series  III,  when  the  fifty  groups  of  five 
cards  each  were  presented  and  arranged  as  in  Series  II.  These 
were  also  repeated  in  about  five  weeks  and  the  results  are 
summarized  in  Table  IV  in  the  same  manner  as  in  TaWe  II. 
In  Table  III-B  the  subjects  are  classified  according  to  type  as  a 
result  of  this  series.  For  the  most  part  they  hold  the  same  place 
as  in  III-A;  but  two  subjects,  E  and  F,  are  relegated  from  the 
constant  to  the  inconstant  class,  probably  confused  by  the  greater 
complexity  of  the  conditions.  In  the  case  of  E,  who  was  leaving 
the  University,  the  second  presentation  for  twenty-five  of  the 
fifty  groups  was  g^ven  two  weeks  after  the  first  instead  of  five. 
The  number  of  changes  would  in  all  probability  have  been  greater, 
had  the  time  for  him  been  the  same  as  for  the  others.  C,  however, 
who  is  medium  in  time  and  constancy  in  III-A,  takes  compara- 
tively very  much  longer  to  decide  with  groups  of  five;  thus 
becoming  slow  in  time  and  medium  in  constancy  in  III-B. 

Subjects  J,  K  and  L  are  omitted  in  Table  IV,  because  they  were 
given  only  twenty-five  groups  of  this  series.  Table  V  and  III-C 
give  the  results  of  all  the  subjects  for  these  twenty-five.  On 
comparing  Tables  III-A  and  III-C  it  will  be  noticed  that  here 
again  imder  the  more  complex  conditions,  one  subject,  K,  is 
removed  from  the  quick  to  the  slow ;  and  another,  F,  is  removed 
from  the  quick  constant  to  the  slow  inconstant.  These  were  the 
twenty-five  groups  that  were  repeated  with  subject  E  in  two 
weeks  instead  of  five,  and  this  probably  accounts  for  his  position 
in  III-C  as  compared  with  III-B.  It  is  worthy  of  notice  that  the 
slow  subjects  are  on  the  whole  more  constant  than  the  quick; 
but  both  slow  and  quick  can  be  divided  into  constant  and  incon- 
stant classes.  The  slow  constant  are,  thus,  more  constant  than 
the  quick  of  the  same  class. 

The  classifications  in  Tables  III-A,  B  and  C  were  made  more 
difficult  by  the  fact  that  the  medians  of  some  subjects  differ 
greatly  from  the  averages.  We  have  used  the  median  as  the 
basis  of  classification.     This  is  quite  satisfactory  with  subjects 
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whose  decision  time  is  uniform,  for  here  there  is  a  dose  corres- 
pondence between  median  and  average;  but  sometimes  when  the 
decision  time  is  variable  the  correspondence  is  not  so  dose.  The 
median  is  always  less  than  the  average,  sometimes  only  slightly 
less,  but  in  certain  cases  (e.g.,  that  of  K)  very  much  less.  This 
suggests  another  classification  of  the  subjects,  on  the  basis  of 
the  mean  variation  of  their  decision  times,  into  the  "Uniform** 
and  the  "Variable."  The  most  variable  would  then  be  subjects 
K,  C  and  F;  and  the  most  uniform,  subjects  A,  G,  B  and  E.  It 
will  be  noted  that  the  subjects  who  were  removed  from  one 
class  to  another  under  more  complex  conditions,  as  mentioned 
above,  are  also  variable  subjects;  and  their  variability  in  time 
and  change  of  class  may  be  results  of  the  same  factor.  For 
under  any  given  dass  some  decisions  are  more  difficult  than 
others ;  and  their  general  inability  to  cope  with  difficult  situations 
prolongs  the  decision  time  or  produces  inconstancy,  even  in 
circumstances  when  less  difficult  decisions  are  quick  and  constant. 
In  other  words,  there  is  a  type  of  subject  who,  in  simple  situations 
(i.e.,  easy  decisions),  is  very  quick  and  constant;  but  who,  when 
the  decisions  are  more  difficult,  becomes  relatively  slower  and 
more  inconstant.  This  fact  is  of  considerable  significance  in 
vocational  guidance,  and  situations  of  practical  life,  for  such 
subjects  must  be  eliminated  if  a  selection  of  unfailingly  quick 
constant  workers  is  to  be  made. 

The  method  of  estimating  the  amount  of  the  change  when  a 
group  of  three  or  five  was  arranged  in  a  diflFerent  way  on  the 
second  presentation  needs  some  explanation.  Not  the  absolute 
changes  of  position,  but  the  relative  changes  were  considered. 
Thus,  in  a  group  of  five.  A,  B,  C,  D,  and  E,  the  greatest  possible 
number  of  changes  is  ten.  This  would  occur  if  it  were  com- 
pletely inverted,  E,  D,  C,  B,  A;  for  although  C  is  in  the  same 
absolute  position,  yet  A  has  changed  relatively  to  B,  C,  D  and  E, 
B  to  C,  D,  and  E,  C  to  D  and  E,  and  D  to  E.  In  one  g^roup 
of  five,  then,  any  degree  of  diflFerence  from  one  to  ten  is  possible, 
while  in  a  grour  ^^  thre^.  t^?  HiflForon/''  ^pnn/^*^^  ^^^eed  tViree. 
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TABLE     III-A 

Threes 

Type 

Subject 

*No.  C. 

M.^ 

M,^ 

Slow  constant 

A 

II 

Sa 

9-3 

B 

17 

9.0 

7.6 

H 

23 

10.2 

7.9 

Slow  inconstant 

G 

27 

a6 

7^ 

L 

18 

13.S 

ii.i 

C 

17 

84 

54 

D 

16 

S'S 

4^ 

E 

17 

7.1 

6.3 

Quick  constant 

J 

12 

6.2 

5.0 

K 

10 

5.6 

7.3 

F 

17 

6.8 

5.6 

Quick  inconstant 


30 


4^ 


4.8 


*The  doubtful  ones,  bracketed  in  Table  II,  have  been  subtracted. 

TABLE    IV 
Results  xvith  Groups  of  Five  (50) 


Above 

Below 

Subject 

*No,  C. 

A} 

M.' 

A.' 

M.* 

M? 

M.' 

A 

3^ 

19.7 

19.0 

20.1 

19.6 

23 

13 

B 

54 

20.3 

19.6 

20.7 

21.0 

33 

21 

C 

66 

23.6 

19.7 

15.9 

134 

40 

26 

D 

66 

13.7 

12.1 

14.0 

12.5 

48 

18 

E 

73 

14.9 

14.6 

13.0 

12.8 

45 

28 

F 

77     ' 

18.5 

16.1 

15.7 

134 

55 

22 

G 

77 

19.5 

18.8 

17.0 

16.8 

40 

37 

H 

79 

24.2 

22.2 

18.7 

18.3 

58 

21 

I 

108 

8.6 

8.6 

8.3 

7.5 

45 

63 

(Total) 


387 
61% 


249 
39% 


*A11  doubtful  ones  have  been  subtracted. 


TABLE     III-B 
Fives — 30  Groups 


Type 
Slow  constant 

Subject 
A 
B 
C 

No,  C. 

36 

54 
66 

19.0 
19.6 

19.7 

M,* 

19.6 
21.0 

134 

Slow  inconstant 

H 
G 

79 
77 

22.2 

18.8 

18.3 
16.8 

Quick  constant 

D 

66 

12.1 

12.5 

Quick  inconstant 

F 

E 

I 

77 

73 
108 

16. 1 
14.6 

134 
-2.8 

8 
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TABLE 

V 

Results  with  Groups 

of  Five  (25) 

Above 

Below 

Subject 

No,  C. 

A.^ 

M.' 

A,* 

M.^ 

M} 

M? 

A 

23*  (6) 

214 

21.3 

2IX> 

20JO 

16 

7 

£ 

24  (9) 

15^ 

13.6 

13.2 

13.0 

16 

8 

B 

27  (8) 

20.9 

20.2 

20J0 

igjo 

16 

XI 

J 

29  (5) 

14.6 

13.2 

12.6 

1 1.0 

17 

Z2 

D 

29  (9) 

134 

124 

15^ 

124 

19 

10 

C 

30(10) 

19.1 

17.0 

1 1.6 

12.0 

16 

14 

K 

31  (5) 

324 

224 

34.3 

27.6 

21 

10 

H 

36  (9) 

23.1 

22.2 

18.1 

17-2 

26 

10 

G 

35(11) 

17.9 

15.6 

154 

15.0 

17 

18 

I 

36  (9) 

lOX) 

9.0 

lO.O 

10.0 

25 

II 

F 

45  (5) 

21.6 

22.0 

22.2 

24.1 

31 

14 

L 

48  (4) 

22.1 

20.0 

16.5 

15.6 

29 

19 

(Total) 

.  249 

144 

63% 

37% 

*In  brackets  are  additional  doubtful  differences. 


Type 
Slow  constant 


Slow  inconstant 


Quick  constant 


Quick  inconstant 


TABLE     III-C 
Fives — 23  Groups 

Subject 
A 
B 
K 

H 
G 
F 
L 

E 

J 
D 

C 


No.  C. 

23 
27 
31 

36 
35 
45 
48 

24 
29 
29 
30 

36 


A.M. 


20.0 
25.0 

19.3 
15.6 
23^ 
17.8 

13.2 
12.1 
124 

14.S 
9.5 


A.  M.  =  Average  of  M.*  and  M.' 
No.  C.  =  Changes,  all  doubtful  ones  subtracted. 

It  will  be  noticed  that  the  time  for  the  second  presentation  is 
generally  less  than  for  the  first.  In  some  cases  (e.g.,  that  of 
subject  C)  it  is  much  less.  This  is  what  we  would  expect,  but 
there  are  two  striking  exceptions :  viz.,  subject  K,  whose  time  is 
much  longer  in  the  second  '^a^^e,  and  subject  A.  This  lengthening 
of  the  time  may  be  due  ti       ru^^'   "     ''ss  conscious  eflFort  on  the 
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iv       ^.1 
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case  of  C  is  very  much  more  than  one  would  expect;  and  tor 
H  and  L  considerably  more  than  the  average.  Here  we  have  a 
type  of  subject  that,  having  once  made  a  satisfactory  decision,  is 
able,  when  placed  in  a  similar  situation,  to  make  a  similar  decision 
much  quicker  than  the  first.  Such  a  subject  learns  from  experi- 
ence, and  performs  his  customary  decisions  as  it  were  automatic- 
ally. So  long  as  the  situation  remains  the  same  he  becomes  more 
and  more  efficient.  This,  however,  does  not  prove  that  he  will 
be  more  efficient  in  novel  situations.  On  the  contrary,  the  latter 
sort  of  efficiency  may  very  well  be  an  original  endowment, 
that  no  amount  of  training  can  develop.  The  time,  therefore, 
for  the  first  presentation  is  of  greater  significance  in  classifying 
the  subjects  than  that  for  the  second.  Here  again  the  existence 
of  these  two  types  of  efficiency  in  decision  has  considerable 
bearing  upon  vocational  guidance. 

The  mean  average  decision  time  was  determined  for  pairs,  for 
groups  of  three,  and  for  groups  of  five.  The  columns  marked 
A  in  Tables  I,  II,  and  V  were  added  up ;  and  the  respective  sums 
divided  by  the  number  of  subjects  in  each  case.  The  results  are 
as  follows: 

Mean  average  time  for  pairs 2.54 

Mean  average  time  for  threes 8.56 

Mean  average  time  for  fives i9-30 

The  ratio  of  increase  is  greater  from  pairs  to  threes  than  from 
threes  to  fives  (3.37  and  2.14  respectively).  The  subjects  whose 
decision  times  vary  most  from  the  average  are:  I,  whose  time 
for  groups  of  five  is  8.6,  and  K,  whose  time  for  the  same  is  32.4. 
The  former  is  a  "Uniform"  subject,  the  latter  a  "Variable"  one; 
and  there  is,  therefore,  no  correlation  between  variability  of 
decision  time  for  any  particular  subject  and  variability  from  the 
mean  average  of  all  the  subjects.  We  are  speaking  of  variability 
in  time  only,  not  in  decision;  and  the  above  has,  therefore,  no 
bearing  upon  F.  L.  Wells'  statement  that  "Those  who  vary  the 
least  from  their  own  judgments  also  vary  least  from  the  judg- 
ments of  others."^ 

""On  the  Variability  of  Individual  Judgments,"  Essays  Phil,  and  Psvch. 
in  honor  of  William  James,  p.  529. 
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A  noticeable  feature  in  the  second  presentation  of  Series  II 
and  III  was  the  numerous  memory  illusions.  These  occurred 
with  every  subject  but  with  some  more  than  others.  The  women 
were  generally  more  subject  to  them  than  the  men.  In  each  case 
the  subject  was  asked  whether  he  rememberd  having  made  the 
decision  before,  and  if  so  whether  he  decided  in  the  same  way.  Itl 
many  cases  the  subject  would  vigorously  affirm  that  he  actually 
remembered  arranging  the  cards  in  the  same  way  before,  when 
the  previous  arrangement  was  really  quite  different.  There  were 
also  some  fewer  cases  when  the  subject  remembered  that  his 
decision  was  different,  when  it  was  really  the  same. 

CONFIDENCE 

Three  of  the  subjects — ],  K,  and  L — ^were  asked  to  state  the 
d^^ee  of  their  confidence  in  each  decision.  This  was  reported 
by  the  subjects  as  meaning  either  "The  subjective  feeling  of  satis- 
faction in  the  arrangement,"  or  "The  assurance  of  constancy." 
The  same  subject  would  alternate  between  these  two  attitudes 
from  time  to  time.  The  subjective  feeling  is  different  in  each 
case;  but  for  our  purposes,  the  correlation  of  constancy  and 
confidence,  we  assume  that  they  need  not  be  distinguished;  for 
the  former  always  implies  the  latter,  though  the  opposite  is  not 
always  true.  The  d^^ee  of  confidence  was  given  as  A,  B,  or  C, — • 
A  being  perfect  confidence,  C  very  little  or  none,  and  B  meditun. 
It  is  clear  that  the  subjects  might  differ  not  only  in  the  degree 
of  their  confidence  but  also  in  their  way  of  describing  it.  The 
same  degree  of  confidence  might  be  described  as  A  by  one 
and  as  B  or  C  by  another.  This,  however,  is  a  criticism  that 
can  be  raised  as  well  against  the  introspective  method  as  a  whole. 

The  results  of  this  confidence  test  are  shown  in  Tables  VI-A 
and  VI-B.  The  subjects  are  compared  with  one  another;  and 
the  confidence  of  the  decisions  that  were  changed  with  that  of  the 
whole.  The  "numerical  value"  is  obtained  rather  arbitrarily  by 
valuing  A  at  2,  B  at  i,  and  C  at  o;  but  perhaps  it  is  not  so 
arbitrary  af^"^- »l^   ""^^  \  is  intr^qpectively  perfect  confidence  (i), 
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and  o  are  used  instead.    The  average  confidence  is  obtained  by 
dividing  the  numerical  value  by  the  number  of  decisions. 
The  following  points  are  noteworthy : 

( 1 )  The  more  confident  subjects  are  also  the  more  constant. 

(2)  The  confidence  is  slightly  less  with  the  decisions  that  were 
changed.  (See  Tables  VI-A  and  VI-B  under  "Average 
Confidence.") 

(3)  One  subject  (J)  is  regularly  less  confident  on  the  second 
presentation ;  the  others  are  equally  or  more  confident. 

(4)  The  decisions  changed  are  divided  fairly  equally  among 
A,  B,  and  C;  but  the  amount  of  the  change  is  as  a  rule 
greater  in  C  decisions  than  in  B's  or  A's.  There  are, 
however,  exceptions.  (See  tables  VI-A  and  VI-B,  last 
section. ) 

TABLE  VI-A— (THREES) 

Degree  of  Confidence  in  Total  Decisions 

P}  P.* 

32A+10B+   7C  26A  +  15B+8C 

28A+13B+  8C  29A+16B+4C 

14A+  25B  +  iiC  14A  +  29B  +  tC 

Degree  of  Confidence  in  Decisions  Changed 
6A  +  3B  +  1C  2A  +  6B  +  2C 

3A  +  4B  +  2C  4A  +  4B+1C 

4A  +  6B+6C  4A  +  8B  +  4C 

Average  Confidence,  if  A  is  represented  by  2 

Total  Decisions  Decisions  Changed 

P.^  P.*  P.*  P.* 

1.51  1.37  1.50  i.oo 

141  1.51  i.ii  1.33 

1.06  1. 14  .87  1.00 

Average  Amount  of  Change  for  A,  B,  of  C  Confidence 
No.  Groups  Changed  N.  V,  of  Changes    Ave.for  A,B,C 

6A  7A  i^A 

J  10  3B  12  3B  I     B 

iC  2C  2     C 

3A  3A  I     A 

K  9  4B  10  4B  I     B 

2C  3C  iy2C 

4A  4A  I     A 

L  16  6B  18  6B  I     B 

6C  8C  i^C 

P.*  and  P.*  =  First  and  second  presentations. 

N.  V.'  and   N.   V.'  =  Numerical  Value  of  confidence   in   first   and   second 

Decisions 
No.  D.  =  Number  of  Decisions. 


Subject  No.  D. 

J 

49 

K 

49 

L 

50 

J 

10 

K 

9 

L 

16 

J 

K 

L 

7.V.' 

N.V.* 

74 

67 

69 

74 

53 

57 

15 

10 

10 

12 

14 

16 
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TABLE  VI-B  (FIVES) 

Degree  of  Confidence  in  Total  Decisions 

SnbjectHo.D.  P}                                   />.«  MF/  N.VI 

t2S  i4A-h  6B-f  5C  9A  +  13B  +  3C  34  31 

2S  ioA-hi2B-f  3C  11A+  9B  +  5C  32  31 

L           25  3A  +  i4B  +  dC  2A+19B  +  4C  ao  a3 

Degree  of  Confidence  in  Decisions  Changed 

J  14  5A+  4B  +  5C  2A+10B  +  2C  14  14 

K  17  5A  +  loB  +  2C  7A  +  sB  +  5C  ao  19 

L  21  2A+11B  +  8C  1A+16B  +  4C  IS  18 

Average  Confidence,  if  A  is  represented  by  z 
Total  Decisions  Decisions  Changed 

p}  p}  py  P* 

J  1,36  i^  IXX>  IJOO 

iC  ii8  i^  1.18  1.12 

L  ^  ^  .71  J86 

Average  Amount  of  Change  for  A,  B,  or  C  Confidence 

No,  Groups  Changed  N.V,  of  Changes    Ave.forA,B,C 

5A  6A  lyi  A 

J  14  4B  29  iiB  2fiB 

5C  12C  2^  C 

5A  6A  iH  A 

K  17  loB  31  23B  23/ioB 

2C  2C  I     C 

2A  8A  4     A 

L  2f  fiB  48  20B  19/11B 

ftC  20C  2%  C 

The  degree  of  rlifficulty  of  the  decisions  was  also  obtained 
from  the  same  three  subjects,  but  only  for  the  first  presentation. 
The  results  are  given  in  Tables  VII-A  and  VII-B.  D  means 
difficult,  M  medium,  and  E  easy.  An  arbitrary  "numerical  value" 
is  obtained  by  valuing  the  difficulty  of  D  at  2,  of  M  at  i,  and 
of  E  at  O ;  and  the  average  difficulty  by  dividing  the  numerical 
value  by  the  numl)er  of  decisions. 
It  will  be  noticed  that : 

(i)  The  subjects  differ  considerably  in  the  amount  of  diffi- 
culty, and  the  least  con^dent  subject  has  the  greatest 
difficult'  '    ♦he  threes  *^'     he  least  in  the  fives. 
(2)  The  pas>      *    ■  *^^  as  ii      .iflfi'*nl<   -''v-icJons  are  changed 
but  tru    c  .ciiij:-     ^^'^'^  i»-      ■'      i"—      M^ne^ed   ^s  slightly 
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TABLE  VII-A    (THREES) 

Subject  No,  D.  Degree  of  Dif,  N.  V.  Ave.  Dif, 

Degree  of  Difficulty  in  Total  Decisions 

J  49  15D+12M  +  22E  42  .86 

K  49  10D+16M  +  23E  36  .73 

L  50  22D-I-  7M-I-21E  51  1.02 

Degree  of  Difficulty  in  Those  Changed 

J  10  4D  +  2M  +  4E  10  1.00 

K  9  3D+1M  +  5E  7  .77 

L  16  7D  +  3M  +  6E  17  1.06 


TABLE  VII-B  (FIVES) 

Degree  of  Difficulty  in  Total  Decisions 

8D  +  7M  +  loE                   23  .92 

13D  +  4M+  BE                   30  1.20 

6D  +  7M  + 12E                   19  .76 

Degree  of  Difficulty  in  Those  Changed 

7D  +  5M+   2E                    19  1.36 

10D  +  3M+   4E                    23  1.35 

5D  +  6M  +  loE                   16  .76 


ASSOCIATION 

Two  experiments  were  carried  out  to  ascertain  the  association 
time  of  the  subjects.  There  were  nine  subjects,  six  of  whom 
were  the  sapie  in  each  case  and  three  diflFerent.  In  the  first  a 
list  of  fifty  words  were  used.  These  were  repeated  to  each 
subject  who  was  directed  to  reply  as  quickly  as  possible  with  the 
first  word  that  came  to  his  mind.  The  time  was  taken  with  a 
stop  watch  visually ;  that  is,  the  watch  was  started  and  position  of 
the  hand  noted  when  the  word  was  given,  and  when  the  reply 
was  heard.  This  method  was  found  difficult  and  inaccurate ;  and 
in  the  second  experiment,  which  consisted  of  forty  words,  the 
watch  was  started  when  the  word  was  given  and  stopped  when 
the  reply  was  heard.  The  results  were  very  much  the  same  except 
in  the  case  of  C,  whose  time  in  the  second  experiment  is  much 
shorter  than  in  the  first.  Full  results  of  both  experiments  are 
given  in  Table  VIII. 


J 

25 

K 

25 

L 

25 

J 

14 

K 

17 

L 

21 
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number  of  cases  investigated  is  proba:bly  too  small  to  warrant 
any  inference  from  these  figures. 

There  is  some  evidence  of  a  considerable  correlation  between 
association  time  and  constancy.  If  we  compare  the  deviation 
from  the  central  tendency  in  the  number  of  changes  with  the 
deviation  in  association  time,  we  get  for  threes  17%  cases  of 
unlike  signs,  for  fives  33  j^%.  By  reference  to  the  Table  in 
Whipple's  Manual,  we  see  that  this  signifies  correlations  of 
+.860  and  +-509-  It  is  scarcely  probable  that  mere  chance 
could  give  us  these  figures;  and,  though  investigations  on  a 
larger  number  of  subjects  may  alter  them  considerably,  it  is 
very  likely  that  here  we  have  evidence  of  a  real  correlation.  We 
are,  therefore,  if  we  use  the  results  of  this  very  inadequate  investi- 
gation, able  to  say  that  if  a  subject's  association  time  is  longer 
than  the  average,  he  is  very  liable  to  be  more  inconstant  than  the 
average;  and  similarly,  that  if  his  association  time  is  shorter  than 
the  average,  he  is  probably  more  constant;  but  in  either  case  we 
can  say  nothing  regarding  the  length  of  his  decision  time. 


TABLE  VIII-A 

Subject 

D.A, 

DJ):              DJ).' 

D£.' 

D.C 

B 

+  -25 

+ 1.3              +     .7 

0 

-  3V2 

H 

+  .25 

+  2.7              +  4.6 

+  6 

+   5Va 

F 

+  .25 

—  .5              —   I.I 

0 

+  14V2 

G 

+  .25 

+  .6              —     .1 

+  10 

+   4Va 

I 

+  .15 

—  4.0              — 1 1.0 

+  13 

+    5ya 

J 

+  .05 

—  1.2              —  5.0 

—  5 

—    iVa 

K 

—  .05 

—  2.0              + 12.8 

—  7 

+  y2 

L 

—  .05 

+  8.1               +  2.5 

+    I 

+  17^ 

C 

—  .15 

+  1.2              +  4.0 

0 

-  y2 

A 

—  .15 

+  .4              +     .1 

—  6 

-  7^ 

E 

—  .15 

—  1.0              —  4.7 

0 

—  6y2 

D 

—  .15 

—  2.5              —  5.9 

—   I 

-  1/2 

50%        66^%        16  ^%      33  y3% 

D.  A.  =  Deviation  from  central  tendency  (1.15)  in  association  time. 

D.D.*=        "  "         "               "         (8.3)  "  decision  time  (3's). 

D.D.»=        "  "         "              "         (19.6)  "        "           "     (5's). 

D.C.*=        "  "         "               "         (17)  "constancy    (with  3's). 

D.C.*=       "  "         "              "         (30^)  "        "           (    "      5's). 

Numbers  at  foot  of  columns  are  percentages  of  unlike  signs,  by  comparing 
with  column  i. 
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SORTING  CARDS 
Ad  eipciimcut  to  test  the  rapidity  af  sortings  cuds  wtt  alto 
pel  famed  Aft  first  ordiiiaiy  phying  cards  were  ised;  Im; 
since  some  of  tiie  siAjects  were  more  f amifiar  with  tlieie  ^fcy^ 
otliers.  anodier  pack  of  cards  equally  unfanuliar  to  all  was  soIh 
slitiited  TUs  pack  ccMitained  fifty-two  cards»  thirteen  of  wbidi 
were  marked  A,  and  an  equal  number  B,  Q  and  D.  The  jujhjwt 
was  told  to  sort  them  into  four  heaps  according*  to  the 
and  the  time  was  taken  with  a  stop  watdt  The  resnhs  are 
in  Table  VIII>  under  column  T.  S  C  If  tiie  medvid  of 
»i(ni»  be  employed,  as  with  association  time  abore,  to 
the  correlation  between  time  for  sortii^  cards  and 
it  will  l)c  found  that  there  are  just  50%  cases  of  unlike  sigom,  mm^ 
thcrtfi>rf,  the  coefficient  of  correlation  is  lenx 

MEMORY 

Two  NPlN  of  eK|M)riment«  were  performed  to  test  die  mcmuej 
of  \\w  Nnbjrclii.  The  llrnt  was  for  immediate  memoiy,  and  Hie 
Mrrotitl  for  inciMtory  ovrr  loni^r  periods  of  time.  In  die 
tiooAniMfs  Nvllftliltiiii  wonU  ami  %\)res  were 
Iwo  lit^U  wllli  iioii«t«niif«  iiyllahle;^.  The  first  was  to  get  dK 
Mtlijprrn  iniiMioiy  Itoill !  Ilml  \^^  the  ^rreatest  number  of  syWiMea 
llml  iniilil  liM  iMHfi'Hil»^i»*il  Miul  ic|>eate\l  in  order  after  two  repcti-* 
llotiA  Till"  hi^hnhnim  wmh  mH  Io  iMNit  at  \>ne  per  second,  and  m 
avIImIiU*  wrm  iti^\umt\  IImoiiuIi  n  Miot  in  a  oarvIKoiaTd  «t  ead 
KkiIi  IUI  wmhm»vm»  IwlMi  iiimI  Ihr  i^uhjtct  read  the  ^rUaUes 
Afli«i  M  hvi*  iu.mwi  \9fiim,  lliM  «»nMc\i  wa.^  a^feed  to  repoil  the 
•lyllnhlM  IM  niiihi  Vimi  •vllrthli^s*  W1^re  si^-en  in  die  fin* 
llfttl  rtiMl  If  IIm.h^  ¥^hth  M.nM»MilwMrtl»  tU1^  x^^re  jtveic  etc  In 
Tllfili-  IX,  niliMMM  I  '  «(i'^W'i  llu»  N«ul\MiJ*  limit:?.  There  is  iray 
llHlli  VNHmIImii  Imm-,  Hi*-  hmU  \n^U\K  -ilvv^w  ^H\rv>r  Sve.    J 
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limit,  the  other  to  get  the  number  remembered  out  of  a  list  of 
fourteen.  The  method  was  the  same  as  with  the  nonsense  sylla- 
bles, and  the  results  are  shown  in  columns  L.^  and  "14,"  Table 
IX.  The  limit  varies  from  five  to  nine,  and  the  number  remem- 
bered out  of  fourteen,  from  eight  to  fourteen. 

Memory  for  figures  was  tested  by  exposing  numbers  of  six 
digits  and  upwards.  The  subject  read  the  digits  aloud  at  the  beat 
of  the  metronome  (one  per  second).  The  number  was  read 
through  in  this  way  twice,  and  then  after  a  five-second  interval 
it  was  repeated  from  memory.  If  the  subject  was  successful,  a 
number  of  one  more  digit  was  given,  etc.,  until  the  limit  was 
reached.  The  results  varied  from  eight  to  eleven,  as  shown  in 
column  F,  Table  IX.  The  "Total"  memory  ability  of  each  subject 
is  obtained  by  adding  the  results  of  these  five  tests;  and  the 
subjects  are  arranged  in  order  according  to  this  sum.  The 
decision  type  of  each  subject  is  indicated  by  the  letters  opposite 
the  general  memory  index.  More  accurate  information  regarding 
time  and  constancy  can  be  obtained  in  Tables  II,  IV  or  VIII. 

If  we  again  apply  the  "Method  of  unlike  signs''  to  ascertain 
the  amount  of  the  correlations  between  the  general  memory  index 
and  decision  time,  and  also  between  the  former  and  constancy, 
we  get  in  each  instance  50%  cases  of  unlike  signs,  and,  therefore, 
a  correlation  of  zero.    Further,  if  the  memory  for  nonsense  sylla- 


TABLE 

IX 

Immediate  Memory 

Nonsense  Syl. 

Words 

Figures 

Decision 

Subject 

L} 

9. 

U           14^ 

F. 

Total 

Type 

F 

4 

3 

7              8 

8 

30 

S  — I* 

J 

4 

3 

6              9 

8 

30 

Q-C 

G 

5 

4 

6              9 

8 

32 

S  — I 

A 

4 

5 

5              10 

10 

34 

s— c 

B 

5 

3 

6             14 

9 

37 

s  — c 

I 

4 

7 

5              13 

10 

39 

Q-I 

C 

5 

4 

8             II 

II 

39 

tSor  Q  —  C 

K 

4 

4 

8             14 

10 

40 

tSor  Q  —  C 

D 

5 

6 

9             II 

10 

41 

Q-C 

L 

5 

7 

9             14 

9 

44 

S  — I 

S  = 

:  slow. 

Q  = 

:  quick. 

1  = 

:  inconstant. 

C  = 

:  constant. 

*  — 

:  Q  —  C  with  threes. 

t  = 

:  Slow  with  fives. 
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limit,  the  other  to  get  the  number  remembered  out  of  a  list  of 
fourteen.  The  method  was  the  same  as  with  the  nonsense  sylla-- 
bles,  and  the  results  are  shown  in  columns  L.^  and  "i4»"  Table 
IX.  The  limit  varies  from  five  to  nine,  and  the  number  remem- 
bered out  of  fourteen,  from  eight  to  fourteen. 

Memory  for  figures  was  tested  by  exposing  numbers  of  six 
digits  and  upwards.    The  subject  read  the  digits  aloud  at  the  beat 
of  the  metronome   (one  per  second).     The  number  was  read 
through  in  this  way  twice,  and  then  after  a  five-second  inter\-al 
it  was  repeated  from  memory.    If  the  subject  was  successful,  a 
number  of  one  more  digit  was  given,  etc,  until  the  limit  was 
reached.    The  results  varied  irom  eight  to  eleven,  as  shown  in 
column  F,  Table  IX.    The  "Total"  memory  ability  of  each  subject 
is  obtained  by  adding  the  results  of  these  five  tests;  and  the 
subjects  are  arranged  in  order  according  to  this  sum.     The 
decision  type  of  each  subject  is  indicated  by  the  letters  oppo$i{^ 
the  general  memory  index.    More  accurate  information  itgardfjKr 
time  and  constancy  can  be  obtained  in  Tables  U,  IV  or  VIU. 

If  we  again  apply  the  "Method  of  unlike  soils''  to  ascertaih 
the  amount  of  the  correlations  between  the  geact^  maoarr  wdex 

and  decision  time,  and  also  between  the  foriMr  ^_.      ' 

we  get  in  each  instance  50%  cases  of  unlike  ^g09^  ^^^  d^nfyrt 
a  correlation  of  zero.   Further,  if  the  memoiy  for 

TABLE  IX 

Imme^te  Mm^ 
NoHsenu  Syk  Words        Fi§mi 

Subjtet   U  9'  U        14.         f.        T^ 


F 

J 

G 

A 

B 

I 

C 

K 

n 


3  7 


tA.          ^.  Tim  7^ 

4  ^           9          ^  ^         /J 

5  5          JO  ^  -W        s-i'                 ■> 
3            ^         H  9  £       ff^: 


i 


9       a 
7         9        H 


^  'th  the  constancy 

'^>  question  of  accu- 

a'lvisable  to  perform 

«-'Cision.    It  proved  how- 

-nt  that  would  test  accuracy 
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bles,  for  words,  and  for  figures  be  taken  separately,  we  get  in 
all  three  cases  a  coefficient  of  zero  between  memory  and  decision 
time;  but  a  coefficient  of  .587  between  memory  for  words  and 
constancy  in  decision;  and  of  .809  between  memory  span  for 
figures  after  five  seconds  and  constancy.  That  is,  if  we  compare 
each  subject's  deviation  from  the  central  tendency  for  constancy 
with  his '  deviation  from  the  central  tendency  for  memory  for 
figures,  we  find  that  there  are  80%  cases  of  unlike  signs.  By 
referring  to  Whipple's  Manual,  Table  9,  we  see  that  this  means  a 
coefficient  of  correlation  of  — .809;  but  since  +  in  the  case  of 
memory  for  figures  signifies  excellence,  and  in  the  case  of  number 
of  differences,  inconstancy,  the  relation  between  good  memory 
and  constancy  is  a  direct  (  +  )  relation  and  not  an  inverse  one. 
That  is,  the  constant  subjects  have  better  memories  for  figures; 
and  the  same  is  true  of  memory  for  words. 

Memory  for  a  period  of  one  week  was  also  tested.  Two  lists 
of  nonsense  syllables  of  ten  syllables  each  and  one  list  of  twelve 
words  were  given.  The  Lipmann-Marx  memory  apparatus^ 
was  used,  and  the  number  of  repetitions  necessary  to  learn  each 
list  recorded.  The  same  list  was  given  one  week  later  and  the 
saving  in  repetitions  noted.  The  learning  was  called  complete 
when  the  subject  could  anticipate  one  word  or  syllable  ahead 
throughout  the  list.  Learning  ability  or  immediate  memory  is 
shown  by  the  number  of  repetitions  necessary  to  complete  the 
learning,  and  memory  for  one  week  is  represented  by  the  percent- 
age of  saving.  The  results  are  scarcely  reliable,  especially  for  the 
words,  as  only  one  list  was  given ;  but  they  are  presented  in  Table 
X  and  can  be  taken  for  what  they  are  worth.  The  average  of  the 
two  lists  of  nonsense  syllables  is  taken  and  the  percentage 
gained  is  calculated.  The  subjects  are  arranged  (X-A)  in  order 
of  the  saving  for  the  nonsense  syllables;  but  no  definite  relation 
is  shown  to  time  and  constancy  which  are  indicated  in  the  last 
column.  If,  however,  they  are  arranged  according  to  the  saving 
for  words  (X-B),  the  slow  appear  to  have  poorer  memories  than 
the  quick.  There  was  some  appearance  of  a  similar  relation  in 
tbe  c^^t  of  immediate  memory ;  H-i^  '^r*  pop^'c^tion  of  the  "Method 
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of  Unlike  Signs"  failed  to  reveal  it.  The  same  method  now 
brings  out  a  correlation  coefficient  of  .92  between  quickness  in 
decision  and  memory  for  a  period  of  one  week ;  but  it  shows  no 
correlation  of  memory  for  words  with  constancy;  and  in  the 
case  of  nonsense  syllables,  no  correlation  of  memory  for  one 
week  with  either  constancy  or  time  of  decision.  There  are  large 
individual  differences  in  the  number  of  repetitions  necessary  to 
learn  the  lists.  These  might  be  considered  with  Table  IX  as 
another  test  of  immediate  memory.  No  definite  correlation  is, 
however,  brought  out  between  the  learning  of  either  nonsense 
syllables  or  words,  and  decision  time  and  constancy. 


Subject 

J 
L 

A 

I 

B 

K 

C 

F 


Nonsense  SyL 


TABLE  X-A 
Memory  for  One  Week 


R} 
12 

12 

25 


R.* 
10 

S 
7 

5 
6 

7 

5^ 

7K2 


Gained 
17 
23 
33 
41 
43 
52 

54 
70 


R} 

II 

10 

7 

4 
8 

7 
8 

6 


Words 

R.^ 
6 
6 

7 

2 

5 
5 
4 
3 


Gained 

45 
40 

o 

50 

3»y2 
28 
50 
50 


Decision 
Type 
Q-C 
S  —  I 
S  —  C 
Q-I 

s c 

S  — C(orQ 
Q  — C(orS 
S-I  (orQ 


C) 
C) 
C) 


A 
K 
6 
L 

J 
C 
I 
F 


TABLE   X-B 

%  Gained  on  Words 
o 
28 
38^ 
40 

45 
50 
50 
50 


Decision  Type 
S  —  C 

S  — C(orQ  — C) 
S  —  C 
S  —  I 
Q-C 
Q  — C(orS— C) 

Q-I 
Q-C(orS-I) 


Repetitions   required   for  the  first  learning. 
Repetitions  required  for  the  second  learning. 


ACCURACY  OF  DECISION 

The  foregoing  experiments  on  decision  dealt  with  the  constancy 
of  the  subjects  in  subjective  judgments,  but  no  question  of  accu- 
racy was  involved.  It,  therefore,  seemed  advisable  to  perform 
some  experiment  to  test  the  accuracy  of  decision.  It  proved  how- 
ever, very  difficult  to  devise  an  experiment  that  would  test  accuracv 
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of  decision,  and  that  would  not  at  the  same  time  involve  a  test  of 
sensory  acuity.  The  following  method,  which  is  not  free  from 
various  objections,  was  adopted.  Black  paper  cards,  in  which 
different  numbers  of  small  holes  were  made,  were  exposed  two  at 
a  time  by  means  of  a  drop  apparatus,  and  the  subject  was  asked 
to  point  as  quickly  as  possible  to  the  one  having  the  g^reater  num- 
ber of  holes,  or  to  raise  both  hands  if  he  considered  them  the 
same.  Two  cards  (A  and  B)  with  twenty-five  holes  in  each 
were  used  as  standards;  and  the  other  cards,  containing  frcHii 
twenty  to  thirty  holes  each,  were  exposed  successively  with  one 
or  the  other  of  these.  The  standard  was  placed  now  on  the  right 
side,  now  on  the  left ;  and  the  apparatus  was  so  placed  that  when 
the  slide  dropped  and  the  cards  were  exposed,  the  light  shone 
through  the  holes  from  a  window  in  the  rear.  The  time  was 
taken  with  a  stop  watch,  and  fifty  decisions  in  all  were  obtained. 
The  results  are  shown  in  Table  XI  under  A. 

It  might  have  been  expected  that  the  subjects  would  fall  into 
four  classes;  viz.,  slow  accurate,  slow  inaccurate,  quick  accurate, 
and  quick  inaccurate;  and  that  these  would  correspond  to  the 
four  types  of  subjective  decision.  As  is  shown  by  Table  XI, 
the  latter  is  not  altogether  true.  The  types  in  subjective  and 
objective  decision  are  indicated  by  the  letters  in  juxtaposed 
columns.  The  quickness  of  the  objective  decision  is  based  upon 
the  median  rather  than  the  average,  as  the  latter  was  sometimes 
greatly  increased  by  a  few  unduly  prolonged  decisions. 

The  difference  in  the  number  of  errors  are,  however,  scarcely 
sufficient  to  justify  a  classification  into  accurate  and  inaccurate. 
Fifty  more  decisions  were,  therefore,  obtained.  In  this  case 
the  cards  used  as  standards  contained  fifty  holes  each,  and  the 
other  cards  from  forty-four  to  fifty-five.  An  attempt  was  made 
to  have  the  holes  cover  nearly  equal  group-areas  on  the  cards. 
The  method  of  procedure  was  the  same  as  before.  The  results 
are  shown  in  Table  XI  under  B.  There  is  even  less  correspond- 
ence here  between  the  subjective  and  objective  types;  e.g.,  subject 
I,  who  is  quick  and  inconstant  in  subjective  decisions,  is  slow 
ind  accurate  in  objective,  and  A,  who  is  slow  and  constant  'n 

■Vif     'r\rm^\       c  "-ii/*!     an*^   'rt^mt^'xi-'    *n  <-Vip  latter,  gt 
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Subject     E. 


TABLE  XI 

A.  M.      Type  in  Obj.  Dec.      Type  in  Subj.  Dec. 

A — Fifty  Easy  Decisions 


D 

13 

i.SO            14 

Q-A 

Q-c 

C 

13 

1.56             M 

Q-A           Q 

or  S  —  C 

A 

13 

1.98             1.8 

S  — A 

S-^C 

I 

14 

2.07             1.6 

Q-^IorA 

Q-I 

F 

15 

1.78             1.6 

Q-I 

S-I(orQ-C) 

B 

16 

2.76             2.2 

S  — I 

S-C 

B^Fifty  Difficult  Decisions 

I 

16 

3^              3.6 

S  — A 

Q-I 

F 

18 

2.5              2.5 

Q-A 

S-I(orQ-C) 

C 

19 

34              2,7 

Q-A 

Q-C 

A 

23 

2.3              2.0 

Q-1 

S  —  C 

B 

24 

5.7              4.3 
C— Twenty-five 

S  — I 
Difficult  Decisions 

S  — C 

K 

7 

7^7              4.3 

S  — A 

S  — C(orQ  — C) 

J 

9 

4.0              3.6 

S  — Aorl 

Q-C 

L 

10 

3.8              3X) 

S  — Aorl 

S  — I 

Z)- 

-Twenty-five  Dif, 

• 

Decisions—All  Subjects 

Subject 

E. 

A.              M. 

Type  in  Obj.  Dec. 

Type  in  Subj.  Dec. 

K 

7 

7-7              4.3 

S  — A 

Q  — C(orS  — C) 

I 

8 

3.8              3.6 

S  — A 

Q-I 

J 

9 

4.0              3.6 

S  — A 

Q-C 

C 

10 

34              2.7 

Q  — Aorl 

Q  — C(orS  — C) 

L 

10 

3.8              3.0 

S  — Aorl 

S  — I 

F 

II 

2.5               2.5 

Q-I 

S-I  (orQ-C) 

6 

II 

5.7              4.3 

S  — I 

S  —  C 

A 

14 

2.3               2.0 

Q-I 

S  —  C 

E.  = 

=  errors. 

Q  = 

=  quick. 

S  =  slow. 

A.= 

average  time. 

C  = 

r  constant. 

A  =  accurate. 

M.= 

median. 

1  = 

inconstant,  or  inaccurate. 

Twenty-five  of  the  difficult  decisions  were  given  to  subjects 
K,  L,  and  J,  and  the  results  are  shown  in  Table  XI-C.  The 
times  for  all  the  subjects  and  the  number  of  errors  for  the  same 
twenty-five  cards  as  were  presented  to  these  three  are  given  in 
Table  XI-D.  An  interesting  result  comes  to  light  here ;  but  it  is 
also  noticeable,  though  somewhat  less  evident,  in  the  other  Tables. 
It  appears  that  all  those  who  were  quick  in  subjective  decisions 
are  accurate  in  objective  decisions,  and  the  slow  in  subjective 
decisions  are  inaccurate  in  objective. 

This  is  a  rather  interesting  correlation ;  but  on  second  thought 
it  is  not  so  extraordinary  as  it  at  first  seems.  The  individual  who 
can  narrow  down  his  field  of  consciousness  upon  one  problem  or 
situation,  and  who  can  keep  his  attention  from  associated  ideas. 
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will  be  quick  in  what  we  have  been  calling  subjective  decisiofiSt 
for  these  are  very  rich  in  attractive  associations.  It  is  not 
surprising  that  such  a  mind  will  also  be  accurate  in  objective 
decisions,  especially  the  kind  we  have  required, — »for  here  sug*- 
gestibility  and  liability  to  illusions  are  prominent  factors  in  pro- 
ducing error.  It  is  very  probable  that  suggestibility  is  the  basis 
of  this  correlation,  and  that  the  suggestible  person  will  be  inaccu- 
rate in  objective  decisions  as  well  as  slow  in  subjective  decisions 
of  the  kind  we  have  been  using  here.  In  the  second  part  of  this 
paper  it  is  shown  that  subjects  quick  in  aesthetic  decisions  (Q  and 
K)  may  also  be  very  suggestible. 

Those  who  were  quick  in  subjective  decision  are  not,  as  mig^ht 
be  expected,  always  quick  in  objective.  Indeed,  the  opposite 
seems  true;  for,  taking  the  objective  decisions  by  themselves, 
the  accurate  subjects  are  as  a  rule  slow. 

Their  time,  however,  varies  considerably,  and  this  is  the  impor- 
tant result  from  the  practical  point  of  view ;  for  it  shows  that  in 
the  same  situation,  there  are  some  subjects  who  can  decide  both 
more  quickly  and  more  accurately  than  others.  We  have  all 
along  been  speaking  of  Decision  Types ;  but  it  must  be  clear  to 
anyone  who  examines  the  figures  that  there  are  really  no  separate 
and  distinct  types  into  which  each  individual  must  fall ;  but  that 
the  types,  so-called,  grade  into  each  other.  It  is  often  difficult  to 
classify  a  subject  according  to  type,  because  he  is  intermediate; 
and  if  the  experiment  were  performed  upon  a  larger  number  of 
subjects  all  the  apparent  gaps  would  no  doubt  be  filled  up.  When 
we  speak  of  types  we  are  doing  so  merely  for  convenience  sake, 
and  not  with  the  intention  of  adopting  a  "Multimodel  Theory." 

In  all  probability,  this  test  was  complicated  by  various  spatial 
illusions,  and  illusions  in  the  estimation  of  number.  C.  T. 
Burnet,  in  his  study  of  the  "Estimation  of  Number,"'  has 
pointed  out  the  tendency  of  some  subjects  to  over-estimate  com- 
pact groups,  and  of  others  to  over-estimate  scattered  groups.  In 
the  second  series  ^  decisions  in  o"^  ^-^-neriment,  the  group-areas 
are  all  the  s?^*  ipnr^    Vi**  v^o^-^'    %.-..H  he  Mo*?^     '^ofether  in 
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some  than  in  others;  and  this  was  also  true  of  tlie  first  series, 
though  no  attempt  was  made  to  have  the  gfroup-areas  the  same. 

Another  illusion  that  tended  to  produce  a  constant  error  until 
corrected  was  as  follows:  When  the  holes  were  farther  apart, 
it  produced  the  illusion  that  the  group-area  was  larger.  The 
apparently  larger  group  was  then  pointed  to  as  having  more 
holes,  when  in  reality  it  was  the  same  size  and  had  less  holes. 
This  was  pointed  out  by  one  of  the  subjects  after  it  had  been  the 
cause  of  several  errors  in  his  own  case.  Afterwards  it  was  noticed 
with  other  subjects. 

If  all  the  subjects  knew  of  all  the  possible  illusions,  then  the 
estimation  of  the  amount  of  the  illusion  might  still  be  regarded  as 
an  objective  decision.  But  in  this  particular  case  some  subjects 
knew  more  of  the  illusions  involved  than  others.  We,  therefore, 
conclude  that  the  liability  of  the  subject  to  illusion  was  involved, 
perhaps  as  the  most  important  factor.  If  this  is  true,  then  the 
above  result  would  be  stated  thus:  Those  who  are  quick  in 
subjective  decisions  are  less  liable  to  illusion;  that  is,  less  suggest- 
ible, as  we  have  noted  above. 

CONFIDENCE 

The  confidence  of  the  subject,  whether  A,  B,  or  C,  was  ascer- 
tained for  each  decision,  as  in  the  subjective  decisions  reported 
above.  Confidence  in  this  case  means  "Degree  of  certainty  that 
the  judgment  is  correct."  The  "numerical  value"  and  "average 
confidence"  were  ascertained  as  before.  The  results  of  this 
confidence  test  are  summarized  in  Tables  XII-A  and  XII-B.  It 
will  be  noticed  that  the  confidence  of  the  subjects  varies  greatly ; 
and  that  the  confident  subject  is,  on  the  whole,  not  more  apt  to 
be  correct  than  the  inconfident  one.  In  fact,  subjects  F  and  I, 
who  have  the  least  average  confidence,  have  the  fewest  errors  in 
the  fifty  difficult  decisions.  On  the  other  hand  the  confident  judg- 
ment of  any  given  subject  is  more  apt  to  be  correct  than  that 
inconfident  one, — as  is  shown  by  a  comparison  of  columns  A.  C. 
and  A.  Q.  E.  There  are  great  individual  differences  in  this  re- 
spect, some  subjects  having  more  confidence  in  erroneous  judg- 
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ments  as  compared  with  the  total,  than  others:  e.g.,  differences 
between  A.  C.  and  A.  C.  E.  for  C  and  K  are  small,  while  for  J 
it  is  very  large.  The  results  here  are  slightly  different  from  what 
we  obtained  for  subjective  decisions;  but  they  possess  greater 
reliability,  because  obtained  from  a  greater  number  of  subjects. 
Of  course,  both  may  be  correct ;  that  is,  confidence  may  be  corre- 
lated with  consistency  in  subjective  decisions;  and  at  the  same 
time  show  no  correlation  with  accuracy  in  objective  ones. 

TABLE  XII-A 

First  Series  of  Decisions — Easy 

Subject  N.E.  T.C.  A.C.  A.C.E. 

C                     13                    8s  i.;o  138 

A                      13                     59  1. 18  .92 

D                      13                     54  1.08  as 

B                      16                     39  .78  .50 

I                       14                     24  .48  .29 

F                     15                    22  u|4  a 


XII-B 
Second  Series  of  Decisions—Difficult 


$> 


c 

19 

73 

1.46 

1. 16 

A 

23 

35 

.70 

.39 

B 

24 

17 

.34 

.17 

I 

16 

13 

.26 

.13 

F 

18 

S 

.10 

0. 

J 

9 

26 

1.04 

.11 

K 

7 

19 

.76 

.71 

L 

10 

15 

.60 

.30 

N.  E.  =:  Number  of  errors. 
T.  C.  =  Total  confidence — "numerical  value." 
A.  C.  =  Average  confidence. 
A.  C.  E.  =  Average  confidence  for  errors. 

A  comparison  of  the  figures  shows  that  no  correlation  between 
time  in  objective  decisions,  and  association  time  or  time  for  sort- 
ng  cards  is  brought  to  light.  Neither  does  there  seem  to  be  any 
:orrelation  between  memory  ability  and  time ;  but  a  good  memory 
's  get^^  »lly  associated  with  accuracy.  This  is  shown  in  Table 
>^TII  •♦  is  also  what  we  would  expect;  for  we  have  seen  that 
."v-V«-S'    n  subjective  decision  is  correlated  "^ith  p'-^^^-acy  b- 
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TABLE 

XIII 

General  Memory  Index 

Obj.  Dec.  Type 

30 

Q-I 

30 

S  — A 

34 

Q-I 

37 

S  — I 

39 

S  —  A 

39 

Q-A(orl) 

40 

S  —  A 

44 

S  —  A  (or  I) 

CHAPTER  II 

RELATION  OF  TIME  CONSTANCY  AND  SUGGESTI- 
BILITY IN  AESTHETIC  DECISIONS 

The  investigation  was  continued  partly  to  verify  the  results 
already  obtained,  but  chiefly  to  study  the  effect  of  suggestion 
upon  decision  time  and  constancy,  and  the  correlation  of  suggest- 
ibility with  these  factors.  Ten  subjects  participated  in  the  investi- 
gation; and  three  of  these,  A,  C,  and  L,  had  also  taken  part  in 
the  last.  The  same  apparatus  was  used  and  the  same  method 
followed  as  in  the  previous  experiment,  except  that  this  time  only 
groups  of  five  were  used  and  instead  of  arranging  them  in  order 
of  preference  the  subject  selected  only  the  best  and  worst  xrf  the 
group. 

In  the  previous  investigation  the  names  of  the  things  to  be 
decided  ^pon  were  printed  upon  cards  and  exposed  to  the 
subject;  this  time  the  actual  objects  were  used.  These  were: 
fifteen  groups  of  colors,  fifteen  of  color  combinations,  twenty  of 
geometrical  figures,  twenty  of  pictures  (reproductions  of  famous 
paintings),  twenty  of  picture  postal  cards,  and  only  the  last  ten 
of  words  as  in  the  first  experiment.  In  all  one  hundred  decisions 
were  obtained  and  these  were,  all  except  three  or  four  in  the 
last  ten,  aesthetic  decisions.  The  subject  was  asked  to  place 
the  best  of  the  group  on  his  left,  the  worst  on  his  right.  The 
five  members  of  each  group  were  arranged  for  each  subject  in 
the  same  way.  They  were  marked  A,  B,  C,  D,  E,  and 
presented  in  this  order  from  the  subject's  right  to  his  left. 
The  decisions  for  best  and  worst  were  recorded,  and  we  were 
thus  able  to  calculate  the  influence  of  position  upon  the  subject*s 
decision.  In  doing  this  we  were  obliged  to  omit  the  results  for 
the  first  fifteen  groups  of  colors  and  for  five  groups  of  geomet- 
rical figures,  because  for  them  the  order  of  presentation  was  not 
recorded.  The  results  for  the  remaining  eighty  decisions  are 
giver  *n  Table  XIV.    Und**^  the  column  marked  "Pleasant"  are 
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as  best  by  each  subject;  under  the  column  marked  "Unpleasant," 
the  number  of  times  each  card  was  chosen  as  worst  by  each  sub- 
ject ;  and  under  the  column  marked  "Total,"  the  number  of  times 
each  card  was  chosen  either  as  best  or  worst  by  each  subject. 
The  totals  for  all  the  subjects  in  these  three  columns  are  given 
in  the  horizontal  "Total"  line  at  the  foot.  By  referring  to  the 
total  for  the  "Totals"  column,  it  will  be  seen  that  B  (that  is,  one 
card  from  the  subject's  right)  had  the  preference  for  position, 
being  chosen  351  times;  while  A  (the  extreme  right  card)  was 
chosen  least  often,  308  times;  but  there  is  much  less  difference 
here  than  one  would  expect.  The  C,  D,  and  E  cards  were 
chosen  314,  313,  and  314  times  respectively. 

If  we  now  turn  to  the  totals  for  the  "Pleasant"  and  "Unpleas- 
ant" columns,  we  find  evidence  of  a  pronounced  tendency  to 
choose  the  cards  towards  the  E  end  of  the  line  as  pleasant,  and 
towards  the  A  end  as  unpleasant;  e.g.,  E  was  chosen  183  times  as 
pleasant,  131  as  unpleasant;  while  A,  on  the  other  hand,  was 
chosen  162  times  as  unpleasant,  146  as  pleasant;  and  B  192  times 
as  unpleasant  and  159  times  as  pleasant.  It  will  be  remembered 
that  E  was  always  on  the  subject's  left  and  A  on  his  right,  and 
that  the  instructions  were :  "Place  the  best  card  on  your  left  and 
the  worst  on  your  right."  We  have  here,  therefore,  evidence  of 
an  inertia  or  tendency  to  leave  things  as  they  are.  This  inertia 
varies  greatly  with  different  subjects.  In  the  table  we  have 
arranged  them  roughly  according  to  its  amount,  which  is  deter- 
mined by  the  sum  of  the  differences  between  the  number  of 
times  A  and  E  were  chosen  as  pleasant,  and  also  as  unpleasant. 


TABLE  XIV 

Pleasant 

Unpleasant 

Totals 

Subject 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

A 

B 

C 

D 

E 

0 

14 

14 

18 

II 

23 

16 

17 

17 

19 

II 

30 

31 

35 

30 

34 

R 

12 

18 

II 

16 

23 

16 

19 

15 

17 

13 

28 

37 

26 

33 

36 

C 

II 

13 

22 

18 

16 

18 

16 

13 

20 

13 

29 

29 

35 

38 

29 

N 

14 

15 

16 

18 

17 

18 

20 

II 

17 

14 

32 

35 

27 

35 

31 

A 

14 

18 

15 

20 

13 

20 

17 

14 

17 

12 

34 

34 

29 

37 

25 

Q 

14 

15 

18 

14 

19 

18 

22 

13 

10 

17 

32 

37 

31 

24 

36 

p 

IS 

16 

20 

8 

21 

15 

16 

18 

16 

IS 

30 

32 

38 

24 

36 

S 

19 

18 

II 

13 

19 

14 

22 

16 

17 

II 

33 

40 

27 

30 

30 

M 

18 

14 

15 

14 

19 

16 

21 

10 

17 

16 

34 

35 

25 

31 

35 

L 

15 

18 

18 

16 

13 

II 

22 

23 

IS 

9 

26 

40 

41 

31 

22 

Total 

146 

159 

164 

148 

183 

162 

192 

150 

165 

131 

308351 

314  313  314 
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It  would  seem,  then,  that  the  influence  of  position  alone,  judg- 
ing from  the  totals  for  all  subjects,  is  almost  a  negligible  factor 
in  this  experiment.  To  be  sure,  B  was  chosen  thirty-seven 
times  lOftener  than  any  other  card;  but  this  predominance  is 
almost  entirely  accounted  for  by  its  gpreater  frequency  in  the 
"Unpleasant"  group,  where  it  appears  twenty-seven  times  of  tener 
than  any  other  card.  The  influence  of  position  pltis  instruction 
to  place  the  best  on  the  left  and  the  worst  on  the  right  is,  however, 
very  marked,  and,  as  we  have  pointed  out,  more  noticeable  with 
some  subjects  than  others.  This  influence  of  position  plus  in- 
struction may  perhaps  be  explained  in  terms  of  suggestibility.  If 
so,  the  most  suggestible  subjects  would  be  most  susceptible  to  it. 
This,  however,  does  not  seem  to  be  the  case ;  for  a  later  arrange- 
ment of  the  subjects  according  to  suggestibility  does  not  follow 
the  one  given  here.  It  may  be,  of  course,  that  the  later  arrange- 
ment is  at  fault;  but,  on  the  whole,  it  would  seem  better  to  con- 
sider this  result  due  to  a  tendency  more  pronounced  in  some 
subjects  than  others  to  leave  things  as  they  are  when  a  decision 
would  be  difficult. 

The  influence  of  position  alone,  which  may  truly  be  called 
suggestion,  also  varies  greatly  with  different  subjects.  This 
difference  is  brought  out  by  a  comparison  of  the  figures  for  the 
various  subjects  in  the  "Totals"  columns.  In  the  case  of  each 
subject,  the  position  least  often  chosen  is  subtracted  from  that 
most  often  chosen.  The  difference  is  taken  as  a  numerical  value 
of  the  influence  of  position,  and  in  Table  XV  the  subjects  are 
arranged  according  to  its  amount.  There  seems  to  be  an  inverse 
correlation  between  suggestibility  for  position  and  the  inertia 
discussed  above;  for  in  Table  XIV,  the  subjects  were  arranged 
according  to  this  inertia  from  the  greatest  to  the  least ;  here  they 
are  arranged  from  the  least  suggestibility  for  position  to  the 
greatest,  and  their  relative  positions  are  only  slightly  changed. 
This  adds  weight  to  the  view  that  the  influence  of  position  plus 
instruction  is  not  due  to  suggestibility,  but  to  what  we  have 
termed  inertia.  The  arrangement  according  to  suggestibility 
for  position  does  not,  however,  correspond  to  that  later  obtained 


RELATION  OF  TIME  CONSTANCY  AND  SUGGESTIBILITY    29 

for  suggestibility.  This  lack  of  correlation  may  arise  because 
either  one  or  both  of  the  experiments  are  inadequate  as  tests  for 
suggestibility.  It  is,  of  course,  in  perfect  harmony  with  the  view 
that  there  is  no  general  suggestibility,  but  only  varying  degrees 
of  suggestibility  for  different  things. 

In  Table  XV,  column  D,  are  given  the  differences  referred  to 
above;  in  column  M,  the  position  of  the  card  most  often  chosen; 
and  in  column  L,  the  position  of  the  card  least  often  chosen.  It 
will  be  noted  that  the  subjects  differ  considerably  as  to  the  posi- 
tion which  attracts  them  most  and  least.  Five  of  the  subjects 
find  B  the  most  attractive  position ;  three,  C ;  and  two,  D.  It  is 
remarkable  that  neither  A  nor  E,  the  two  end  cards,  find  a  place. 
They  occupy  a  mediocre  position ;  for  E  occurs  only  twice  and  A 
once  in  the  "least  frequent"  column.  In  the  latter  column,  C 
occurs  five  times,  each  time  being  the  least  attractive  position  to 
a  subject  who  found  B  the  most  attractive.  B  occurs  in  the  L 
column  not  at  all ;  and  this  position,  that  is,  one  from  the  right, 
has,  therefore,  the  greatest  attraction  for  the  attention.  If 
the  instructions  had  been  merely  "select  the  best  and  worst" 
instead  of  "place  the  best  and  worst  at  your  left  and  right,"  the 
attractiveness  of  the  various  positions  might  have  been  different ; 
for  the  words  "left"  and  "right"  may  have  produced  some  effect 
upon  the  attention  of  the  subjects. 


TABLE  XV 

Subject 

Z>. 

M. 

L. 

0 

5 

C 

A,D 

N 

8 

B 

,D 

C 

C 

9 

D 

^.— 

M 

10 

B 

,E 

C 

R 

II 

B 

c 

A 

12 

D 

E 

Q 

13 

B 

D 

S 

13 

B 

C 

P 

14 

C 

D 

L 

19 

C 

E 

D  =  Difference  between  the  number  of  Decisions  for  the  card  most  often 

chosen,  and  the  number  for  the  card  least  often  chosen. 
M  =  Position  most  often  chosen. 
L  =  Position  least  often  chosen. 

Each  of  these  hundred  groups  was  presented  to  each  subject 
for  a  second  decision,  after  a  period  of  six  to  eight  weeks.    Fifty 
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of  them  were  presented  in  precisely  the  same  manner  as  at  first. 
The  other  fifty  were  presented  each  time  with  a  suggestion  to  the 
subject  to  choose  certain  cards.  The  number  of  times  that  each 
card  was  chosen  as  best  or  worst  in  the  first  presentation  was 
ascertained  for  each  of  the  hundred  groups.  Sometimes  the 
same  card  was  chosen  as  best  or  worst  by  almost  all  of  the  ten 
subjects;  e.g.,  colors,  group  4,  pleasant:  7A,  oB,  2C,  oD,  lE; 
unpleasant:  2 A,  oB,  iC,  oD,  7E.  This  means  that  seven  sub- 
jects chose  A  as  pleasant;  none,  B;  two,  C;  none,  D;  one,  E; 
and  similarly  for  the  unpleasant.  In  other  groups,  a  card  that 
was  chosen  best  by  several  subjects,  was  chosen  worst  by  the 
rest;  e.g.,  pictures,  group  18,  pleasant:  2 A,  4B,  3C,  oD,  lE; 
unpleasant:  lA,  5B,  iC,  2D,  lE.  In  many  groups,  however, 
there  was  a  much  greater  division  of  opinion;  e.g.,  post  cards, 
group  8,  pleasant:  lA,  3B,  oC,  6D,  oE;  unpleasant:  4A,  iB, 
iC,  oD,  4E.  Groups  of  the  last  kind  were  as  far  as  possible, 
selected  for  "suggestion  groups."  These  groups  were  presented 
at  various  intervals  between  "non-suggestion  groups,"  sometimes 
alternately  and  sometimes  two  or  three  of  one  kind  successively 
and  then  one  of  the  other.  With  the  non-suggestion  gfroups  the 
instruction  was  as  in  the  first  presentation :  "Place  the  best  on 
your  left,  the  worst  on  your  right";  but  with  the  suggestion 
groups  the  following  was  always  added:  "The  card  most  often 
chosen  best  is  at  your  left,  that  most  often  chosen  worst  on  your 
right."  That  is,  it  was  explained  to  the  subject  that  in  certain 
groups  the  cards  as  presented  to  him  would  be  arranged  in  a 
special  order,  so  that  the  card  chosen  best  by  the  majority  of  the 
ten  subjects  would  be  presented  to  him  at  the  left,  the  worst  on 
his  right.  This  constituted  a  suggestion  to  the  subject  to  leave 
the  cards  as  they  were,  but  he  was  left  free  to  make  a  change  if 
he  so  desired.  This  suggestion  was  adopted  because  it  seemed 
to  be  one  that  could  be  used  continually  throughout  the  investiga- 
tion, while  its  effect  would  remain  practically  undiminished. 

The  cards  actually  placed  on  the  left  and  right  in  the  suggestion 
groups  were  sometimes  those  chosen  best  and  worst  by  the 
majority,  sometimes  not ;  e.g.  ,in  the  illustration  of  a  suggestion 
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group  above,  if  a  subject  had  previously  chosen  B  as  the  best  and 
E  as  the  worst,  he  would  be  given  D  as  the  best  and  A  as  the 
worst;  that  is,  a  card  that  was  really  chosen  the  majority  of  times 
as  best,  on  the  left ;  and  a  tie  for  majority  choice,  on  the  right. 
If,  however,  the  subject,  himself,  belonged  to  the  class  constitu- 
ting the  majority  (that  is,  if  he  had  chosen  D  as  the  best  and  A 
as  the  worst),  he  would  be  given  B  and  E  or  C  The  main 
object  was  never  to  place  on  the  left  and  right  the  cards  previously 
chosen  by  the  subject  himself  as  best  and  worst;  the  latter  cards 
were  always  placed  in  positions  B  and  D  respectively.  Thus, 
whenever  the  subject  accepted  the  suggestion,  he  would  have  to 
change  his  previous  decision  to  do  so.  We  were  thus  able  to 
calculate  the  effect  of  the  suggestion,  by  comparing  the  number 
of  changes  in  each  subject's  decisions  for  the  fifty  "non- 
suggestion  groups'*  with  his  number  of  changes  for  the  fifty 
"suggestion  groups." 

In  Table  XVI,  the  results  are  given  for  the  fifty  non-sugges- 
tion groups.  The  subjects  are  arranged  according  to  the  average 
decision  time  for  the  first  presentation  of  the  whole  hundred 
groups.  The  average  time  for  the  second  presentation  of  the 
fifty  non-suggestion  groups,  and  the  number  of  decision  changes 
in  these  groups  are  also  given.  In  columns  **a''  and  "d"  are  the 
number  of  changes  in  decision  upon  agreeable  and  disagreeable 
cards  respectively.  The  "total"  number  of  changes  in  the  former 
is  about  the  same  as  in  the  latter ;  but  the  individual  subjects  vary 
considerably.  Subject  R,  e.g.,  has  seven  more  changes  in  the  "d" 
column,  while  Q  and  S  have  each  nine  more  changes  in  the  "a" 
column.  This  difference  probably  depends  upon  the  amount  of 
feeling  produced  by  the  agreeable  or  disagreeable  cards.  If  the 
former  tended  to  attract  the  attention  more  than  the  latter,  there 
would  be  more  differences  in  the  choice  of  the  latter,  and  vice 
versa.  On  the  whole,  the  disagreeable  cards  were  found  by  the 
subjects  more  unpleasant  than  the  agreeable  were  pleasant,  and 
thus  the  greater  total  number  of  differences  in  the  "a"  column  is 
accounted  for ;  but,  as  has  been  noted,  there  are  marked  individual 
differences  here. 
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Turning  now  to  a  comparison  of  the  total  number  of  changes, 
we  find  that  they  range  from  21  to  43.  We  have,  then,  as  before, 
a  constant  and  an  inconstant  class ;  but  it  is  even  more  difficult 
here  than  in  the  previous  investigation  to  draw  any  dividing  line 
between  these  two  classes.  They  gjade  into  each  other  through  a 
series  of  very  small  differences.  The  same  is  true  of  rapidity  of 
decision.  We  get  in  column  A.  T.^  a  very  great  range  of  decision 
time — from  9.1''  to  32.8'';  yet  it  is  difficult  to  draw  a  line  separat- 
ing the  quick  from  the  slow.  There  is  a  fairly  large  middle  gap 
between  C  (14.6")  and  P  (17.0")  ;  but  with  a  larger  number  of 
subjects  all  gaps  would  probably  disappear ;  and  the  dividing  line 
between  the  fast  and  the  slow  would  be  purely  arbitrary. 


TABLE  XVI 

Subject 

A,T}{ioo) 

A, 

T.'=  (50) 

R 

9.1 

104 

Q 

10.8 

12.5 

A 

12.7 

12.3 

S 

13.0 

13.9 

C 

14.6 

8.7 

P 

17.0 

13.5 

M 

18.1 

14.8 

L 

20.8 

16.9 

0 

24.5 

17.1 

N 

32.8 

27.2 

No.C= 

=  (a 

d) 

43 

18 

25 

43 

26 

17 

21 

8 

13 

39 

24 

15 

21 

II 

10 

32 

19 

13 

3Q 

15 

15 

35 

17 

18 

29 

13 

16 

37 

17 

20 

Total 168      162 

A.  T.*    (100)  =  Average  time  for  the  first  Decision  on  100  groups. 

A.  T.*=  (50)  =  Average  time  for  the  second  Decision  on  50  "Non-suggestion 

groups." 
No.  C=:  =  Number  of  Decision  changes  in  Non-suggestion  groups, 

a  and  d  =  Number  of  changes  in  Decision  for  agreeable  and  disagreeable 

cards  respectively. 

The  mean  average  time  for  all  the  subjects  is  less  for  these 
aesthetic  decisions  than  for  groups  of  five  in  the  last  investigation 
— 17.34  and  19.30  respectively.  It  will  be  remembered  that  in 
the  last  experiment  the  five  cards  were  arranged  in  order,  while 
here  only  the  best  and  worst  were  selected.  One  would  suppose 
that  this  difference  in  requirement  would  have  effected  a  saving  of 
more  than  two  seconds ;  but  probably  the  selection  of  the  first  and 
the  last  is  the  most  difficult  part  of  the  arrangement.  The  actual 
saving  may  be  really  larger  than  the  figures  show  (i.e.,  2")  ; 
because  for  the  only  three  subjects  that  participated  in  both  inves- 
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ligations  it  is  5.2";  and  the  figures  of  Table  XIX  seem  to  indicate 
that  the  effect  of  practice  upon  decision  time  is  very  small  if  not 
altogether  absent.  The  saving  for  subjects  A  and  C  is  much 
greater  than  for  L,  whose  time  is  only  slightly  quicker  in  the 
aesthetic  decisions.  Of  course,  the  difference  in  time  may  be  due 
to  difference  in  material,  as  well  as  to  difference  in  the  decisions 
required.  The  time  for  arranging  a  group  of  three  in  the  last 
experiment  was  8.5".  This,  therefore,  is  about  the  difference  we 
would  expect  between  arranging  a  group  of  five  in  order,  and 
selecting  the  best  and  worst  from  a  group  of  five.  The  actual 
difference  is  about  3"  less  than  this.  It  is,  therefore,  probable 
that  the  aesthetic  decisions  on  actual  objects  would,  other  things 
being  equal,  require  more  time  than  the  previous  more  or  less 
logical  decisions. 

As  in  the  previous  experiment,  the  decision  time  for  the  second 
presentation  is  usually  less  than  for  the  first;  but  here  again 
there  are  two  exceptions,  R  and  Q.  Subjects  C  and  L  both 
decrease  their  time  about  as  much  relatively  as  before,  showing 
that  this  is  a  constant  tendency  with  them,  as  no  doubt  to  increase, 
decrease,  or  remain  the  same  is  with  every  subject.  These  indi- 
vidual differences  are  very  difficult  to  interpret;  but  see  the  dis- 
cussion of  this  subject  above  (pp.  8-9). 

The  results  for  the  second  presentation  of  the  fifty  "suggestion 
groups"  are  given  in  Table  XVII.  The  subjects  are  arranged 
roughly  on  the  basis  of  suggestibility.  The  purely  suggestible 
are  placed  first ;  then  those  that  likewise  give  evidence  of  contra- 
suggestibility,  and  finally  the  non-suggestible.  The  average  times 
for  the  "suggestion  groups''  are  in  column  A.  T.^+.  The  2  means 
second  presentation,  and  the  plus  sign  means  "with  suggestion." 
just  as  in  Table  XVI  the  "equals"  sign  means  "without  sugges- 
tion." In  column  C+  (a  d  ),  we  have  first  the  total  number 
of  changes  in  decision  for  the  fifty  groups,  and  then  the  number 
of  changes  in  the  decisions  upon  "agreeable"  and  "disagreeable" 
cards.  Contrary  to  what  we  obtained  in  Table  XVI,  we  see 
that  the  total  number  of  changes  is  greater  for  the  "d"  column 
than  for  the  "a"  (220  and  203),  which  signifies  that  the  sugges- 
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Hon  was  accepted  oftener  in  the  case  of  the  unpleasant  than  the 
pleasant  choice;  but  here  again  there  are  some  individual 
differences. 

There  is  less  variation  in  time  and  more  in  the  number  of 
changes  here  than  in  the  "non-suggestion  groups";  but  we  shall 
enter  into  a  more  detailed  comparison  of  the  two  groups  in  the 
discussion  of  Table  XVIII.  Here  we  wish  to  bring  out  chiefly 
the  method  of  determining  the  relative  suggestibility  of  the  sub- 
jects. The  best  way  of  doing  this  would  seem  at  first  glance  to 
be  to  compare  the  results  (especially  the  number  of  changes)  for 
the  suggestion  groups  with  those  for  the  non-suggestion  groups. 
This  procedure,  however,  presupposes  that  the  number  of  changes 
would  have  been  the  same  for  each  series,  if  there  had  been  no 
suggestion ;  and  we  are  not  at  all  certain  that  with  a  limited  num- 
ber of  cases  this  is  true.  A  form  of  procedure  somewhat  less 
open  to  such  a  criticism  is  to  consider  the  results  of  the  suggestion 
groups  by  themselves.  An  illustration  will  best  explain  how 
suggestibility  can  be  calculated  in  this  way.  Let  us  suppose  that 
E,  D,  C,  B,  A,  is  a  group,  presented  to  the  subject  in  this  order 
from  left  to  right;  then  E  and  A  are  the  suggestion  cards  for 
best  and  worst  respectively,  B  and  D  the  subject's  previous  choices 
for  best  and  worst  respectively,  and  C  the  only  neutral  card.  If 
B  and  D  are  selected  as  before,  the  subject  is  constant;  but  he 
produces  a  change  by  any  of  the  following  decisions  or  combina- 
tions thereof :  ( i )  by  accepting  the  suggestion ;  (2)  by  choosing 
C  as  either  best  or  worst;  (3)  by  reversing  the  suggestion, — ^that 
is,  taking  A  as  best  and  E  as  worst ;  and  (4)  by  reversing  his  own 
previous  decision, — that  is,  taking  D  as  best  and  B  as  worst.  The 
last  possibility  is  practically  negligible,  as  it  occurred  only  once  or 
twice  in  the  whole  investigation.  No.  3  was  taken  as  an  evidence 
of  contra-suggestibility ;  for  the  possibility  of  such  a  decision,  if 
there  were  no  suggestion,  would  be  very  low,  since  E  and  A  were 
really  chosen  by  at  least  three  subjects,  sometimes  by  many  more, 
as  best  and  worst  respectively,  and  therefore  most  probably  really 
differ  in  this  way.  This  kind  of  decision  is  signified  by  the  sign — ; 
No.  2,  showing  non-suggestibility,  by  the  sign  =,  and  No.   i. 
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showing  suggestibility,  by  the  sign  +•  Changes  in  decisions  for 
both  best  and  worst  are  counted  two;  a  change  in  either  one  of 
them,  one.  The  results  are  summarized  in  column  C+,  Table 
XVII.  Subject  R,  e.g.,  has  a  total  of  51,  changes,  38  due  to 
acceptance  of  the  suggestion,  9  to  non-acceptance,  and  4  to  re- 
versal. Since  acceptance  is  due  to  the  choice  of  either  of  two 
cards  (E  or  A),  and  non-acceptance  to  the  choice  of  only  one 
(C),  there  would  be,  without  any  sug'gestion,  twice  as  many 
acceptances  as  non-acceptances.  Therefore,  suggestibility  is 
shown  in  proportion  as  the  +  number  in  column  C+  is  more 
than  twice  as  great  as  the  ==.  Subject  R,  e.g.,  shows  considerable 
suggestibility,  for  his  +  number  (38)  is  more  than  four  times 
as  large  as  his  =  (9). 


Subject  A.  7*+  {50) 
R  10.0 

Q  13.3 

p  14. 1 

O  18.2 


L 
C 
M 

N 

A 

S 


19. 1 

lO.O 

16.7 

26.5 

12.9 
14.1 


TABLE  XVII 

C+(a  d) 

51  27  24 
63    29  34 

38  19  19 
44    18  26 

52  27  25 

39  19  20 
46    19  27 

27     14  13 

30    12  18 

zz   19  14 


38+ 

44+ 
30+ 
36+ 


C+ 

9=      4 

15=      4 

7=       I 

4=      4 


—  Sug. 


35+      8= 
19+     10= 

24+     15= 


9 —  Sug.  and 
10—  Contra-sug. 

7— 


14+      8=      5 —  Contra-sug. 

17+     10=      3 —  Non-sug. 
22+    11= 


Total 203  220 


A.T.*+(50) 
C+  (a  d) 

C+ 
Sug. 


Average  Decision  time  for  "suggestion  groups." 

Total  Decision  changes,  changes  in  choice  of  agreeable  and  of 

disagreeable  cards. 
:  For  explanations  of  this  column  see  pages  34,  35- 
Suggestible. 


Contra-suggestibility  is  shown  to  some  degree  by  all  the  sub- 
jects except  S  and  P.  The  former  is  also  not  at  all  positively 
suggestible,  while  the  latter  is  to  a  considerable  degree.  Subject 
L  is  both  negatively  and  positively  suggestible,  while  C,  M,  and  N 
are  only  negatively  suggestible.  It  would  seem,  then,  that  nega- 
tive and  positive  suggestibility  need  not  be  inversely  correlated 
in  the  individual  but  that  any  degree  of  one  can  coexist  with  any 
degree  of  the  other.    The  ^-"^^^  ^-hat  the  same  subi^'^t  n^^v  he  V»oth 
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positively  and  negatively  suggestible  is  not  at  variance  with  or- 
dinary observation.  We  ^all  know  individuals  who  alternate 
between  periods  in  which  they  are  easily  influenced  and  periods 
of  inflexibility. 

There  are,  as  we  have  intimated,  other  ways  of  estimating 
the  suggestibility  of  the  subjects  from  the  results  of  our  experi- 
ment. These  are  perhaps,  less  reliable  than  the  one  explained 
above,  but  they  afford  us  very  important  auxiliary  evidence 
regarding  the  status  of  the  individual  subjects;  and  also,  since 
they  depend  upon  a  comparison  of  the  results  of  the  "suggestion" 
and  "non-suggestion"  groups,  lead  to  a  consideration  of  the 
influences  of  suggestion  upon  decision.  This  comparison  is 
facilitated  by  the  use  of  Table  XVIII.  Here  the  subjects  are 
arranged  according  to  the  average  time  for  the  first  decisions 
upon  the  hundred  groups.  In  columns  two  and  three  are  pre- 
sented the  average  times  for  decisions  upon  the  "non-suggestion" 
and  "suggestion"  groups  respectively.  In  only  two  cases  (R  and 
N)  is  the  time  for  the  suggestion  groups  the  shorter,  and  then 
only  very  slightly  so.  The  other  subjects  differ  considerably; 
for  some  (such  as  L,  M  and  C)  the  time  is  relatively  much  longer 
for  the  suggestion  groups;  for  others  (Q,  P,  S,  A,  and  O)  it  is 
only  slightly  longer.  The  lengthening  of  this  time  shows  a 
general  disturbance  due  to  the  suggestion,  and  probably  an  at- 
tempt to  overcome  it.  It  may,  therefore  be  taken  as  an  evidence 
of  some  degree  of  suggestibility;  and  it  is  noteworthy  that  it  is 
most  pronounced  in  the  case  of  the  subjects  that  show  the  greatest 
contra-suggestibility.  That  is,  the  process  of  resisting  increases 
the  decision  time.  A  shortening  of  the  time  cannot,  however, 
be  taken  as  an  evidence  of  the  absence  of  suggestibility.  It  may, 
on  the  contrary,  be  explained  as  the  result  of  an  immediate  yield- 
ing to  the  suggestion,  as  it  seems  to  be,  e.g.,  in  the  case  of  subject 
R.  The  subject  who  shows  the  least  effect  of  the  suggestion,  viz., 
S,  shows  also  the  least  difference  in  time. 

The  variation  from  the  central  tendency  in  decision  time  is 
greatest  for  the  first  presentation  of  the  hundred  groups,  the 
limits  being  9.1"  and  32.8".    It  is  less  for  the  second  presentation 
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of  the  "non-suggestion  groups,"  where  the  limits  are  8.7"  and 
27.2";  and  it  is  least  of  all  for  the  second  presentation  of  the 
"suggestion  groups,"  where  the  limits  are  10"  and  26.5".  Hence 
the  general  effect  of  suggestion  upon  time  in  decision  is  to 
lengthen  it,  and  reduce  the  variability  of  one  subject  from 
another. 

Another  method  of  calculating  the  relative  suggestibility  of  the 
subjects  is  to  compare  the  number  of  changes  in  non-suggestion 
and  suggestion  groups,  as  mentioned  above  (p.  34).  These  are 
given  in  Table  XVIII,  columns  C^  and  C+  respectively.  In 
only  two  cases  (N  and  S)  is  the  nxmiber  of  changes  less  in  the 
C+  than  in  the  C=  column.  The  other  subjects  vary  greatly, 
showing  increases  that  range  from  6  for  M  and  P  to  20  for  Q. 
If  we  estimate  the  relative  suggestibility  of  the  subjects  from  the 
amount  of  the  increase  in  the  number  of  changes,  the  classification 
will  be  about  like  that  of  Table  XVII,  except  that  subject  C  will 
be  more  and  P  less  suggestible. 

As  might  be  expected,  the  suggestions  on  the  whole  increased 
the  inconstancy.  It  increased  it,  however,  much  more  for  some 
subjects  than  for  others.  The  limits  in  the  C=  column  are  21 
and  43,  while  in  the  C+  column  they  are  27  and  63.  This 
increase  of  inconstancy  bears  no  marked  relation  to  the  incon- 
stancy as  determined  by  the  fifty  non-suggestion  groups.  Subject 
C,  e.g.,  who  was  constant  in  the  latter,  has  a  relatively  larger 
increase  than  subject  R,  who  was  inconstant;  and  the  two 
subjects  who  actually  decreased  the  number  of  changes  were 
relatively  inconstant.  On  the  other  hand,  large  increases  were 
made  by  the  relatively  inconstant  subjects  Q  and  L. 

In  the  second  C+  column,  we  have  presented  the  number  of 
-f-,  =  and  —  changes  as  in  Table  XVII;  and  in  columtk 
C=(-|-)C-|-,  the  total  number  of  changes  (+,  =  and  — )  for 
the  suggestion  and  non-suggestion  groups  combined.  A  change 
in  any  of  the  latter  groups  is  produced  by  the  selection  of  any  one 
of  three  possible  cards  (excluding  the  possibility  of  the  subject 
reversing  his  own  previous  decision).  All  changes  in  non- 
suggestion  groups  are,  of  course,  =  changes.    Taking  then  any 
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two  decisions,  one  without  and  one  with  suggestion,  we  have  four 
possibilities  of  =  changes,  three  in  the  former,  one  in  the  latter; 
and  two  of  +  changes,  both  in  the  latter.  That  is  to  say,  in  the 
whole  hundred  decisions  we  should  have,  barring  the  influence  of 
suggestion,  twice  as  many  ==  as  +  changes ;  and  the  degree  of 
suggestibility  will  be  proportioned  to  the  amount  that  the  + 
changes  exceed  half  the  =  changes.  If  we  arrange  the  subjects 
on  the  basis  of  this  calculation,  we  shall,  on  the  whole,  maintain 
the  classification  of  Table  XVII;  but  the  positive  suggestibility 
of  subjects  C  and  M  and  the  negative  suggestibility  of  subject 
N  are  thus  better  brought  to  light. 


TABLE  XVIII 

Sub- 

(lOO) 

{50) 

(50) 

ject 

A.T,\ 

A.T.'= 

:  A.TJ'+  C= 

■■c+ 

c+ 

C=(+)C+ 

Sug, 

R 

9.1 

104 

10.0 

43 

51 

38+    9=   4— 

52=  38+   4— 

3+ 

Q 

I0.8 

12.5 

13.3 

43 

63 

44+  15=   4— 

58=  44+   4— 

3+ 

A 

12.7 

12.3 

12.9 

21 

30 

17+  10=   3— 

31=  17+   3— 

2+ 

S 

130 

13.9 

I4.I 

39 

33 

22+  11= 

50=  22+ 

— 

C 

14.6 

8.7 

lO.O 

21 

39 

19-f  10=  10 — 

31=  19+  lO— 

2+ 

P 

17.0 

13.5 

I4.I 

32 

38 

30+    7=    I— 

39=  30+    I— 

3+ 

M 

18.1 

14.8 

16.7 

30 

46 

24+  15=   7— 

45=  24+   7— 

2+ 

L 

20.8 

16.9 

19. 1 

35 

52 

35+    8=   9- 

43=  35+   9— 

3+ 

0 

24.5 

17.1 

18.2 

29 

44 

36+    4—   4— 

33=  3H-   4— 

3+ 

N 

32.8 

27.2 

26.5 

37 
330 

27 
423  . 

14+    8=   5— 

• 

Total 

45=  14+   5— 

— 

17.3 

14.7 

15.5 

Mean  of  Averages 

A.  T.*      =  Average  time  for  first  100  Decisions. 

A.  T.*=  =  Average  time  for  second  Decisions  on  50  "non-suggestion  groups." 

A.  T.*+  =  Average  time  for  second  Decisions  on  50  "suggestion  groups." 

C=  =  Decision  changes  in  non-suggestion  groups. 

C+  =  Decision   changes    in   suggestion   groups. 

For  second  C+  column  and  C=(+)C+,  see  pp.  37-38. 

Sug.        =  Index  of  suggestibility. 

There  are  thus  three  ways  of  calculating  suggestibility  if  we 
omit  the  comparison  of  time,  which  has  a  rather  ambiguous 
significance.  If  the  suggestibility  shown  in  any  one  of  these 
ways  is  called  i+,  an  arbitrary  index  of  suggestibility  for  each 
subject  is  obtained.  This  is  given  in  column  **Sug.",  Table  XVIII. 
3+  means  that  suggestibility  is  shown  by  all  three  methods; 

2+,  by  two;  ^,  by  none;  2H means  suggestibility  by  two 

methods  coupled  with  contra-suggestibility ;  — ,  contra-suggesti- 


RELATION  OF  TIME  CONSTANCY  AND  SUGGESTIBILITY    39 

bility  only,  etc.  The  subjects  seem  to  fall  into  four  groups  or 
types  on  the  basis  of  suggestibility :  ( i )  the  positively  suggesti- 
ble; (2)  the  positively  and  negatively  suggestible;  (3)  the  non- 
suggestible;  (4)  the  negatively  suggestible.  The  last  has  only 
one  representative  (N)  in  this  group  of  subjects.  No.  3  seems 
to  have  only  one  also  (S)  ;  but  since  for  A  the  margin  for  sug- 
gestibility is  very  low  in  both  methods  in  which  it  occurs,  he 
should  probably  be  placed  in  this  type  instead  of  No.  i.  It  is,  of 
course,  understood  that  these  types  are  not  distinct,  but  grade 
into  each  other  as  the  "decision  types"  considered  above. 

There  appears  to  be  no  correlation  between  suggestibility  and 
decision  time  or  constancy.  There  are  quick  and  slow,  constant 
and  inconstant  in  the  two  types  of  suggestibility  that  are  fairly 
represented ;  and  this  would  probably  also  be  the  case  with  the 
other  two,  if  there  were  more  subjects.  There  may,  however, 
be  some  signiiicance  in  the  fact  that  the  contra-suggestible 
appear,  on  the  whole,  in  the  lower  half  of  the  column,  and  two 
of  the  most  suggestible  at  the  top.  If  so,  it  would  mean  that 
extreme  quickness  in  decision  time  usually  goes  with  suggesti- 
bility, and  extreme  slowness  with  contra-suggestibility,  while  the 
non-suggestible  would  be  medium  or  fair  in  decision  time.  We 
have  not,  however,  sufficient  data  in  support  of  this  view. 

So  far  we  have  been  considering  the  results  of  all  the  decisions 
combined.  Let  us  now  turn  to  a  comparison  of  the  results  for 
the  different  kinds  of  objects  decided  upon,  viz.,  colors,  geomet- 
rical figures,  pictures,  post  cards,  and  words.  There  were  thirty 
groups  of  colors,  ten  of  words,  and  twenty  each  of  the  others. 
Each  subject's  average  decision  time  for  each  kind  of  material 
decided  upon  and  also  his  average  for  the  whole  hundred  are 
given  in  Table  XIX.  The  central  tendency  of  all  the  subjects  for 
each  series  is  also  given  at  the  foot  of  the  table.  On  the  whole, 
the  subjects  show  a  decrease  of  time  from  colors  to  geometrical 
figures,  an  increase  from  these  to  pictures,  a  still  further  increase 
to  post  cards,  and  a  final  decrease  to  words.  The  groups  were 
presented  to  the  subjects  in  this  order;  and  if  they  were  all  of 
approximately  equal  difficulty,  one  woul'^    *xpect  a  decrease  of 
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time  from  one  series  to  the  next  due  to  practice.  The  increase 
can,  therefore,  be  accounted  for  only  by  the  greater  difficulty 
of  the  decisions  upon  pictures  and  especially  post  cards.  It  is 
most  probable  also  that  practice  would  have  very  little  effect 
upon  decision  times. 

The  above  states  the  general  tendency;  but  there  are  very 
marked  individual  differences  in  the  way  the  subjects  vary  in 
time  from  one  series  to  another.  Subjects  R,  Q,  and  A  vary  from 
the  central  tendency  in  showing  an  increase  of  time  from  colors 
to  geometrical  figures;  C  and  M,  in  showing  a  decrease  from 
geometrical  figures  to  pictures;  S,  in  showing  a  decrease  from 
pictures  to  post  cards;  and  R  and  L,  in  showing  an  increase 
from  post  cards  to  words.  That  is  to  say,  although  on  the  whole 
geometrical  figures  are  the  easiest  to  decide  upon,  yet  subjects 
R,  Q,  and  A  find  colors,  and  M,  words,  slightly  the  easiest,  and  C, 
the  pictures  much  the  easiest.  These  variations  are  significant, 
for  they  seem  to  show  that  decision  times  vary  relatively  with  the 
kind  of  material, — and  this  means  that  a  person  may  be  relatively 
quick  in  one  kind  of  decision  and  relatively  slow  in  another. 
Such  variations  are,  however,  the  exception.  One  subject,  R, 
shows  increase  for  every  series,  and  Q  and  A,  for  all  except  the 
last,  while  C  and  M  show  decreases  for  every  series  except  the 
post  cards.  It  is  interesting  to  note  that  the  former  are  also  the 
subjects  that  show  the  increase  in  decision  time  for  the  second 
presentation,  as  are  the  latter  those  that  show  the  greatest 
decrease.  This  correlation  is  no  doubt  due  to  the  greater  adapta- 
bility of  the  latter. 

The  coefficient  of  variability  (column  C.  V.)  is  obtained  for 
each  subject  by  dividing  the  mean  variation  of  his  times  for  the 
five  series  by  his  average  time  for  the  whole  hundred  decisions. 
While  this  coefficient  is  probably  not  so  accurate  as  that  which 
could  be  obtained  by  finding  the  mean  variation  for  each  subject's 
times  for  the  hundred  decisions,  yet  it  is  sufficient  for  our  pur- 
poses. The  most  "uniform"  subjects  are  M  and  A,  who  have 
C.  V.'s  of  .12  and  .13  respectively;  and  the  most  variable  are 
N  and  C,  with  C.  V.'s  of  .36  and  .31.    Subjects  A  and  C  were  also 
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"uniform"  and  "variable"  subjects  respectively  in  our  first  investi- 
gation; and  we  also  note  here,  as  we  did  then,  that  there  is  no 
correlation  between  a  subject's  variability  in  his  own  decision 
time  and  his  variability  from  the  average  for  all  the  subjects. 
This  result  is  significant;  for  it  is  thus  possible  to  obtain  subjects 
who  are  not  only  quicker  than  the  average  but  also  more  uniform 
in  time.  Variability  in  time  is  not  correlated  with  decision  time, 
constancy,  nor  suggestibility;  but  if  we  refer  to  Table  XIV,  we 
shall  see  that  the  subjects  who  have  the  greatest  C.  V.,  show 
as  a  whole  the  greatest  influence  of  what  we  have  there  termed 
"Inertia."  This  is  not  surprising,  for  the  "uniform"  subjects  are 
those  that  standardize  their  time  by  easily  bringing  into  play  in 
difficult  situations  large  amounts  of  reserve  energy;  while  the 
variable  subjects  either  have  not  the  extra  energy  to  expend  or 
find  it  difficult  to  force  into  activity ;  that  is,  their  inertia  is  great. 


TABLE 

XIX. 

A.T,' 

C. 

G. 

Pict. 

P.C. 

W. 

Subject 

(100) 

(30) 

(20) 

(20) 

(20) 

(10) 

C,V. 

R 

9.1 

6.9 

8.1 

8.8 

10.5 

15.7 

.25 

Q 

10.8 

8.1 

9.2 

12.1 

12.6 

12.3 

.17 

A 

12.7 

10.7 

11.5 

1 1.9 

15.5 

14.1 

.13 

S 

13.0 

1 1.6 

114 

17.8 

16.0 

114 

.19  + 

c 

14.6 

18.6 

11.3 

8.3 

20.2 

10.7 

.31 

p 

17.0 

14.1 

12.5 

16.7 

25.2 

19. 1 

.21 

M 

18.1 

21.8 

17.5 

16.0 

18.2 

13.7 

.12 

L 

20.8 

18.9 

14.3 

21. 1 

26.1 

28.4 

.20 

0 

24.5 

29.4 

18.5 

21.9 

28.5 

19.0 

.19  — 

N 

32.8 

26.6 

20.1 

36.2 

57.9 

20.5 

.36 

Mean 

17.3 

16.7 

13.4 

17.1 

23.1 

16.5 

Average! 

5 

AT.*  (100) 

=  Average  time  for  the  first  decision  on  100 

groups. 

C.  (30) 

=  Time 

for  thirty 

decisions 

on  colors. 

G.  (20) 

« 

**     twenty 

" 

"    geometrical  figures. 

Pict.  (20) 

ti 

tt          ti 

(( 

"    pictures 

>. 

P.  C.  (20) 

it 

«          it 

it 

"    post  cards. 

W.  (10) 

ft 

ten 

it 

"    words. 

C.V. 

—  Coefficient  of   v 

ariability. 

We  pass  now  to  a  comparison  of  the  results  of  the  different 
series  in  constancy  and  suggestibility.  In  Table  XX,  we  have 
summarized  these  results,  combining  the  "suggestion"  and  the 
"non-suggestion"  groups.  Column  i  contains  the  changes  of 
each  'M^'ipct  for  the  w^ole  ^nndred  f"  '^^isions :  ^hose  ^'n  wh\c\  "^^^ 
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suggestion  was  not  accepted  (or  not  given),  those  in  which  it 
was  accepted,  and  those  in  which  it  was  reversed.  In  the  other 
columns  are  similar  results  for  the  colors,  geometrical  figures, 
pictures,  post  cards,  and  words.  The  constancy  of  the  subjects 
is  shown  by  the  =  numbers,  and  the  influence  of  the  suggestion 
by  the  +  and  —  numbers.  The  subjects  are  arranged  in  the 
order  of  their  constancy  which  is  indicated  by  the  =  numbers 
for  the  total  in  column  i, 

The  totals  for  all  the  subjects  at  the  foot  of  the  table  show  that 
on  the  whole  the  constancy  (as  shown  by  the  =  numbers  alone) 
is  relatively  about  the  same  for  each  series.  For  the  whole 
hundred  decisions  the  number  of  =  changes  is  427;  that  is, 
about  43  for  each  ten.  At  this  rate  we  would  get  129  for  the 
thirty  colors,  86  each  for  the  geometrical  figures,  pictures  and 
post  cards,  and  43  for  the  words.  Omitting  the  last,  the  pictures 
show  the  least  number  of  changes  and  the  post  cards  the  most; 
but  the  differences  are  much  less  than  we  would  expect.  The 
individual  subjects,  however,  show  greater  variations,  and  show 
them  in  different  ways.  These  variations  are  brought  out  in 
Table  XXI,  where,  omitting  the  words,  the  series  in  which  each 
subject  is  most  constant  and  that  in  which  he  is  least  constant 
are  given.    Subject  A  is  about  the  same  in  each  series. 


Sub' 
ject    C-- 


(100) 
(+)C+ 


30  C. 


c 
o 
p 

L 
M 

N 
S 
R 

Q 


31=17+  3— 
31=  19+ 10— 
33=36+  4— 
39=30+  I— 

43=35+  9— 
45=24+   7— 

45=14+  5— 
50=  22+ 

52=38+  4- 

58=44+   4— 


8=   4+1- 
9=   6+1- 
11=  15+  I— 
9=   9+ 

9=11+3— 
19=  10+  I — 

17=    7+1— 

15=    5+ 

19=   9+1— 
19=  10+  2— 


TABLE  XX 

20  G, 

6=   7+1- 
2=   7+1— 

11=   7+ 

10=  6+ 

15=   9+3— 

8=   3+Z— 

6=   3+3— 

8=   8+ 

12=  12+  I — 

10=  11+  I — 


20  Pict, 


20  P.  C. 


10  W. 


7= 
3= 
4= 
9= 

5= 

9= 

7= 
10= 

9= 


3+ 
2+2 — 

8+ 

3+ 

5+3— 

4+ 

1+ 

4+ 

8+ 


16=  10+ 


7= 

13= 
6- 
8= 

11= 

7= 
10= 

14= 

9= 


3+1- 

1+4- 
5+2— 

8+1— 

6+ 

4+3- 

3+1- 

3+ 

7+1- 


9=11+ 


3= 

4= 

1= 

3= 

3= 
2= 

5= 
3= 
3= 

4= 


3+ 
i+i- 

4+ 
4+ 
3+ 

2+ 

2+  I- 

.2^2: 


To-  427=279+  47—  135=  86+  II—    88=  7Z+  13—    79=  48+  5—     94=5i+i3—  31=21+5— 
tals 


(100)  C=(+)C+  =  The  number  of  changes  for  the  one  hunHreH  de'-'sions, — ro" -suggestion 

and  suggestion  groups  combined. 
As  abc"**  fo*"  thirty  Hecisio"^  /^n  colors 
"  '     f—pnfv        "  ?eomcti  •  di 

*  )ictures 


30  C. 

20  G. 
20  Pic*^ 
oP.r 


1  .-. 


*'^r'* 


''\ 
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TABLE  XXI 

Subject 
A 

Constant 

Inconstant 

C 

Pict.  &  Geom.  Fig. 

Post  Cards 

0 

Pictures 

Geometrical  Figures 

P 

Colors 

Geometrical  Figures 

L 

Pictures 

Geometrical  Figures 

M 

Post  Cards 

Colors 

N 

Geometrical  Figures 

Colors 

S 

Geometrical  Figures 

Post  Cards 

R 

Pict.  &  Post  Cards 

Colors 

Q 

Post  Cards 

Pictures 

The  influence  of  the  suggestion  is  shown  by  the  +  numbers  in 
Table  XX ;  and,  as  explained  above,  the  degree  of  suggestibility 
by  the  amount  which  the  +  numbers  exceed  half  the  =  numbers. 
If  we  wish  to  compare  the  influence  of  suggestion  in  the  various 
series,  we  must  compare  not  the  total  numbers  but  their  relation 
to  the  =  numbers.  Thus,  for  a  total  of  427  =  numbers,  there 
are  279  +  numbers;  that  is,  an  excess  of  66  over  half  the  = 
numbers.  The  following  are  the  estimated  excesses  at  the  same 
ratio  and  the  actual  ones : 


C. 

G.F. 

Pic. 

P.C 

w. 

Estimated 

20.8 

13.5 

12.2 

14.5 

4.8 

Actual 

18.5 

29.0 

8.5 

4.0 

5.5 

If  the  force  of  the  suggestion  were  wearing  off,  we  would 
expect  a  gradual  decrease  from  colors  to  words ;  but  the  rate  is 
really  slightly  greater  for  words  than  for  colors;  and  we  are, 
therefore,  justified  in  saying  that  the  very  low  figures  for  post 
cards  and  for  pictures  cannot  be  due  to  a  diminution  of  the 
force  of  the  suggestion.  On  the  other  hand  by  far  the  greatest 
suggestibility  is  shown  in  the  case  of  geometrical  figures.  An 
explanation  that  suggests  itself  is  that  the  decisions  were  on  the 
whole  more  indifferent  here;  but,  if  inconstancy  means  indiffer- 
ence, then  the  post  cards  in  that  they  show  the  most  inconstancy 
are  the  most  indifferent.  Yet  they  show  the  least  influence  of 
suggestion.  The  greater  influence  of  suggestion  in  the  case  of 
the  geometrical  figures  must,  therefore,  remain  unexplained. 

Contra-suggestibility  is  shown  by  the  —  numbers,  and  here 
al<5o  their  relation  to  the  =  ch^^ees  r"ust  be  cr  iside'-'^d  for  co-^- 
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parison.    The  following  are  the  figures  estimated  from  the  ratio 
of  427=  to  47 — ;  and  also  the  actual  figures : 

C.  G,F.  Pic.  P.C.  W, 

Estimated  15.0  9.7  8.7  104  34 

Actual  ii.o  13.0  5.0  13.0  5.0 

The  contra-suggestibility  is  large  not  only  for  the  geometrical 
figures,  which  showed  also  the  greatest  effect  of  suggestibility, 
but  also  for  the  post  card  series,  in  which  direct  suggestibility  was 
least.    Contra-suggestibility  is  small  for  colors  and  pictures. 

Many  of  the  subjects  show  marked  deviations  from  the  general 
tendencies,  so  far  considered.  These  variations  are  brought  out 
better  in  Table  XXII,  where  the  series  in  which  each  subject 
shows  the  most  suggestibility,  the  least  suggestibility,  and  the 
greatest  contra-suggestibility  are  given.  The  words  are  omitted. 
The  individual  differences  here  shown  need  not  be  further  com- 
mented upon.  An  enumeration  of  the  various  series  mentioned 
shows  that  there  is  most  suggestibility  for  geometrical  figures; 
and  both  least  suggestibility  and  most  contra-suggestibility  for 
post  cards.  These  results  are  in  accord  with  those  of  W.  D.  Scott^ 
and  add  weight  to  his  view  that  suggestibility  is  not  a  general 
trait;  but  that  there  exist  only  varying  degrees  of  specific 
suggestibilities, 

TABLE  XXII 

Sub- 
ject        Most  Sug.  Least  Sug.  Contra-Sug, 

A  Geometrical  Fig 

C  Geometrical  Fig.  Post  Cards  Post  Cards  &  Pict. 

O  Pictures  Geometrical  Fig.  Post  Cards 

P  Colors  &  Post  C.  Pictures  

L  Colors  Post  Cards  Pictures 

M  Post  Cards  Geometrical  Fig.  Post  Cards 

N  Geometrical  Fig.  Pictures  Geometrical  Fig. 

S  Geometrical  Fig.  Post  Cards  

R  Geometrical  Fig.  Colors  

Q  Post  Cards  Colors  

The  subjects  were  not  asked  for  introspection  upon  the  influ- 
ence of  the  suggestion  during  the  experiment;  but  very  often  it 
was  given  gratuitouslv.     Of  the  suggestible  subjects,  K    ^-^nies 

*W.  D.  Scott,  ^erso"?     yifft^r^^r^t   *n    sugjjrpp^iWif'f^    "'^svh-  Ki-t.  1       010, 
pp.  147-15'^ 
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any  influence,  but  Q,  O,  and  P  acknowledge  it.  Subject  L,  who 
is  both  positively  and  negatively  suggestible  acknowledges  both 
tendencies  in  his  introspection;  S  and  A  deny  any  effect  of  the 
suggestion;  and  the  other  subjects  do  not  mention  the  fact  at 
^11.  On  the  whole  the  introspection  points  to  the  correctness 
of  our  classification.  At  the  end  of  the  investigation  the  subjects 
were  questioned  regarding  the  influence  of  the  **special  arrange- 
ments," and  whether  they  guessed  the  purpose  of  the  experiment. 
Most  of  them  said  they  did  not  think  of  the  latter  at  all ;  and  none 
of  them  ever  thought  they  were  being  deceived  regarding  the 
card  the  majority  had  chosen  as  best  and  worst.  All  of  them 
felt  surprised  that  they  should  differ  from  the  majority  so  often; 
but  the  introspection  on  the  influence  of  the  "special  arrangement" 
differs  from  subject  to  subject, — in  general,  verifying  our  classi- 
fication as  to  suggestibility.  Some  of  the  more  suggestible  sub- 
jects (e.g.,  O  and  P)  said  they  often  took  the  cards  suggested 
because  it  was  the  easiest  thing  to  do  when  a  decision  would  be 
difficult.  Subject  M  said  he  felt  influenced  against  the  suggested 
cards;  and  both  C  and  N  acknowledge  considerable  pride  in 
differing  from  the  majority ;  these  three  were  classified  as  contra- 
suggestible.  Subject  S  (non-suggestible)  said  he  felt  sometimes 
like  defending  the  card  the  majority  thought  was  worst.  A 
knew  more  of  the  purpose  of  the  experiment  than  the  others;  and 
his  suggestibility  is  probably  greater  than  calculated  here.  It  is 
interesting  to  note  that  very  often  when  a  subject  accepted  the 
suggestions,  he  remarked  that  he  remembered  choosing  the  same 
card  before,  when  of  course  he  was  really  making  a  different 
choice. 

The  subjects  were  asked,  especially  in  the  first  presentation, 
for  introspection  upon  the  decision  itself;  but  this  was  not 
emphasized  as  the  investigation  has  no  direct  bearing  upon  the 
introspective  analysis  of  the  "Act  of  Decision"  itself.  The 
material  obtained,  nevertheless,  shows  that  the  decisions  were 
always  brought  about  in  one  of  the  following  ways:  (i)  it 
succeeds  an  immediate  feeHng  attitude,  which  may  be  of  various 
kinds  but  not  further  explicable;  (2)  the  feeling  is  explicable, — 
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that  is,  the  subject  can  tell  why  the  object  is  pleasant  or  unpleasant, 
what  factors  in  the  situation  produce  it,  etc. ;  ( 3 )  the  feeling  is 
aroused  not  by  the  object  itself,  but  by  something,  more  or  less 
closely  associated  with  it.  The  one  invariable  factor  in  these 
aesthetic  decisions  is  the  feeling.  The  nature  of  the  feeling 
itself,  the  kind  of  objfct  which  produces  it,  and  the  kind  of 
association  which  arouses  it,  all  differ  greatly  from  subject  to 
subject  Many  individual  differences  in  this  respect  might  be 
obtained  by  a  careful  study  of  the  introspection  and  the  nature 
of  the  objects  chosen  by  each  subject;  but  the  results  would 
scarcely  repay  the  immense  amount  of  work  necessary  to  obtain 
them,  especially  as  this  is  not  an  investigation  in  the  psychology 
of  aesthetics. 

ACCURACY  OF  DECISION 

The  subjects  were  tested  for  accuracy  of  decision  by  the  same 
method  used  in  the  last  investigation.  This  time  only  cards 
containing  from  44  to  55  holes  were  used  for  the  comparisons; 
and  the  group  areas  were  always  the  same,  but  the  subjects  were 
not  informed  of  the  latter  fact.  In  the  previous  experiment  we 
noted  that  certain  illusions  produced  constant  errors.  In  order  to 
overcome  this  factor  as  far  as  possible,  the  subjects  were  always 
told  whether  their  decisions  were  right  or  wrong,  and  were  thus 
enabled  to  correct  their  judgments  by  experience.  Two  series  of 
fifty  decisions  each  were  obtained.  In  one  the  time  for  each 
decision  was  taken  with  a  stop  watch;  in  the  other  a  constant 
time  of  5"  was  given  for  each. 

The  results  for  both  series  are  given  in  Table  XXIII.  There 
is  a  very  great  variation  in  time:  from  2.6"  to  12.8";  and,  con- 
trary to  our  last  investigation,  there  seems  to  be  a  pretty  close 
correspondence  between  the  times  in  the  constancy  of  decision  test, 
and  those  in  the  accuracy  of  decision  test.  In  the  Table  the  sub- 
jects  are  arranged  according  to  time ;  and  the  first  five  here  are, 
with  one  exception,  the  same  as  the  first  five  in  Table  XVI,  where 
they  are  arranged  according  to  time  ii    ^  ^  'constancy  of  decision 

test.     *"'    "*i*^  '^nrrpl^tjr*^     ..3'-  ^     .up  tc    ^'      -**  '     ^^*    ^**  <-^xrr  VinHs  Qj 
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decision  are  more  alike  in  this  investigation.  Aesthetic  decisions 
in  which  the  actual  objects  are  compared  are  probably  more  like 
the  decisions  we  have  required  for  accuracy  than  are  the  more 
logical  decisions  of  the  first  investigation. 


TABLE 

XXIII 

Subject 

A.T,(5o) 

EM50) 

EM50) 

T.E, 

C.V. 

A 

2.6 

18 

19 

37 

-23 

Q 

4.0 

23 

19 

42 

.32 

R 

S.I 

17 

18 

35 

.31 

M 

5.2 

18 

18 

36 

.33 

C 

5-5 

18 

17 

35 

-27 

0 

6.3 

22 

IS 

37 

.26 

P 

7-3 

24 

19 

43 

44 

L 

7.9 

17 

18 

35 

.38 

N 

9.0 

24 

28 

52 

.56 

S 

12.8 

18 

12 

30 

47 

199  183  382 

A.T. ^Average   time   for   fifty  decisions. 

E.*^  Errors  for  the  fifty  in  which  time  was  taken. 

E.,=  Errors  for  the  fifty  in  which  the  time  was  constant  (5"). 
T.E.  ^  Total  errors. 
C.V.  =  Coefficient  of  variability. 

In  column  E.^  are  the  number  of  errors  for  each  subject  in  the 
fifty  decisions  in  which  the  time  was  taken ;  and  in  E.^  the  number 
for  those  in  which  the  time  was  a  constant  quantity  (5'').  The 
number  of  errors  is  on  the  whole  less  for  the  latter.  This  is 
probably  not  because  the  time  was  allotted,  but  because  some 
of  these  decisions  were  really  easier  than  in  the  other  series. 
The  difference  between  the  number  of  holes  in  the  two  cards 
presented  was  usually  from  five  to  o;  but  in  twenty-five  pairs  of 
this  series,  it  was  from  10  to  o.  Corresponding  to  this  objective 
difference,  there  was  a  greater  subjective  ease  in  the  decisions; 
for  in  these  twenty-five  decisions  there  were  a  total  of  76  errors, 
while  in  the  other  twenty-five  of  the  series  there  were  107.  In 
the  series  in  which  the  subjects  were  told  to  decide  as  quickly  as 
possible  and  the  time  measured,  the  errors  for  the  second  twenty- 
five  numbered  103.  This  series  was  the  first  given,  and  we  should 
have  expected  a  decrease  in  the  number  of  errors  through  practice. 
Hence,  the  increase  from  103  to  107  errors  for  the  same  twenty- 
five  decisions  shows  that  the  allotment  of  a  constant  time  (5") 
on  the  ^"hole  decren  -i  ^he  ^^  jr5»n       01  :ourse    he  tim^  e^ver 
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(S'^)  hastened  only  the  relatively  slow  subjects,  while  some  of  the 
quick  ones  were  given  extra  time.  The  noticeable  thing  is  that 
the  lengthening  of  the  time  for  the  quick  subjects  did  not  on  the 
whole  effect  their  accuracy,  while  the  shortening  of  the  time  for 
the  slow  subjects  seems  to  have,  in  some  cases,  actually  increased 
their  accuracy;  e.g.,  subjects  O,  P,  and  S,  whose  times  are  much 
over  s'^  make  fewer  errors  when  compelled  to  decide  in  a  hurry ; 
N  and  L,  however,  make  more.  These  statements  are  verified  by 
the  results  for  the  twenty-five  decisions  that  were  the  same  m  each 
series,  as  well  as  by  Table  XXIII.  A  possible  explanation  is  that 
the  most  reliable  judgments  are  based  upon  the  immediate  feeling 
of  difference,  that  the  time  required  for  the  development  of  this 
feeling  is  different  with  different  subjects;  and  that,  if  left  to 
themselves,  some  subjects  tend  to  go  by  this  feeling,  while  others 
over-rationalize  and  by  trying  to  consider  all  the  pros  and  cons 
in  the  situation  greatly  lengthen  their  time  and  on  the  whole 
decrease  their  accuracy.  Such  subjects  do  better  if  hurried ;  but 
of  course  there  is  also  danger  of  over-hurrying;  for  if  the  time 
is  so  short  that  the  feeling  of  difference  has  not  completely 
developed,  the  errors  may  be  again  increased.  All  this  is  merely 
hypothetical,  but  the  actual  increase  of  accuracy  with  decrease  of 
time  observed  in  some  cases  adds  weight  to  the  view  that  there 
may  be  an  optinuU  judgment  time.  V.  A.  C.  Henmon  says: 
"There  may  be  an  optimal  time  for  judgment,  varying  with  indi- 
viduals and  with  varying  stimuli  and  conditions,  and  judgments 
made  too  soon  or  too  late  are  apt  to  be  wrong."^  This  view 
could  be  experimentally  tested  by  getting  decisions  on  the  same 
material  with  times  longer  and  shorter  than  the  time  taken  by  each 
subject  when  left  to  himself. 

The  total  number  of  errors  in  comparison  vary  from  30  for  S 
to  52  for  N.  As  before,  we  find  no  correlation  between  accuracy 
and  time;  and  the  four  types, — quick  accurate,  quick  inaccurate, 
slow  accurate,  and  slow  inaccurate,  are,  therefore,  represented 
but  not  clearly  demarcated. 

As  in  the  last  investigation,  we  find  some  evidence  of  a  correla- 

"The  relation  of  the  time  of  a  judgment  to  its  accuracy,  Psych.  Rev.  18, 
1911,  pp.  186-201. 
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tion  between  quickness  in  subjective  decisions  (here  aesthetic) 
and  accuracy  in  objective ;  but  this  correlation  is  not  as  marked  as 
before.  It  is  shown  by  the  most  accurate  and  the  most  inaccurate 
subjects,  but  not  by  the  intermediate.  The  most  accurate  subject 
in  the  Hst  (S)  is  quick  in  subjective  decisions  and  slow  in  objec- 
tive; but  capable  of  doing  just  as  well  if  compelled  to  make  the 
latter  decisions  more  quickly.  This  subject  is  also  the  least  sug- 
gestible. There  is  no  perfect  correlation  brought  out  between 
suggestibility  and  accuracy ;  but  three  of  the  most  suggestible  sub- 
jects (Q,  P,  and  O)  are  also  inaccurate. 

A  coefficient  of  variability  is  obtained  for  each  subject  in  the 
following  day:  The  probable  error  is  first  found  by  arranging 
the  decision  times  in  order  of  magnitude,  counting  off  one-fourth 
of  the  cases  from  each  end  of  the  series  and  halving  the  differ- 
ence between  the  two  values  thus  obtained.^  This  probable  error 
for  each  subject  is  then  divided  by  his  average  decision  time.  The 
slowest  subjects  here  have  the  largest  coefficients.  This  was  not 
the  case  in  aesthetic  decisions.  Moreover,  there  is  no  complete 
correlation  between  the  coefficient  of  variability  here  and  that  for 
aesthetic  decisions.  Subjects  S  and  M,  who  have  very  low 
coefficients  in  the  latter,  have  large  ones  here;  and  R  and  C  are 
just  the  reverse.  The  other  six  subjects  are  about  the  same 
relatively;  but  the  C.V.  is,  on  the  whole,  larger  in  this  experiment. 
There  is  some  appearance  of  a  correlation  between  variability  in 
decision  time  and  inaccuracy.  There  are  three  very  variable  sub- 
jects; two  of  these  are  the  most  inaccurate  in  the  list;  while, 
curiously  enough,  the  other  (S)  is  the  most  accurate.  On  the 
whole,  therefore,  we  may  say  that  variability  is  here,  as  in 
the  previous  experiment,  an  independent  factor,  not  defimtely 
correlated  with  either  time,  accuracy,  or  suggestibility. 

As  in  the  previous  similar  experiment,  each  subject  was  asked 
to  state  his  confidence  as  A,  B,  or  C,  in  each  decision;  the 
meaning  of  these  symbols  and  the  method  of  evaluating  them 
has  been  described  above.  In  Table  XXIV  are  given  in  numerical 
values,   the  total  confidence  of  each  subject   for  the  hundred 

•See  Whipple's  "Manual  of  physical  and  mental  te^^O  page  i8. 
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decisions,  and  his  average  confidence  for  correct  decisions  and 
for  errors.  The  subjects  are  arranged  in  the  order  of  their  total 
confidence,  with  the  most  confident  first.  If  this  total  confidence 
for  each  subject  is  compared  with  his  number  of  errors  in  column 
T.  E.,  the  previous  observation  that  "the  confident  subject  is  no 
more  liable  to  be  correct  than  the  inconfident"  is  amply  verified. 
In  fact,  two  of  the  most  confident  subjects  (P  and  N)  are  the 
two  most  inaccurate.  The  least  confident  subjects  come  next; 
and  the  subjects  with  medium  confidence  have  the  highest 
accuracy. 

If  now  the  average  confidence  for  correct  decisions  be  compared 
with  that  for  errors,  the  former  conclusion  that  a  confident 
judgment  of  any  given  subject  is  more  liable  to  be  correct  than  a 
less  confident  one  by  the  same  subject,  is  also  verified.  The 
difference  between  the  mean  average  confidence  for  correct 
(i.i)  and  for  incorrect  (.8)  decisions  is,  in  general,  less  than 
might  be  expected ;  but  this  difference  is  much  greater  for  some 
subjects  than  for  others.  The  most  confident  subjects  show  the 
least  differences;  and  the  greatest  differences  are  shown  by 
A,  O,  and  L, — relatively  inconfident  subjects.  In  other  words,  a 
subject  who  is  by  nature  very  confident  is  just  about  as  confident 
when  he  is  wrong  as  when  he  is  right ;  while  one  who  by  nature  is 
of  medium  or  little  confidence  varies  greatly  from  his  correct  to 
his  incorrect  decisions.  In  the  latter  case  the  probability  of  being 
correct  increases  with  the  confidence ;  in  the  former  it  does  not. 

Henmon  in  his  work  on  judgment  studied  the  relation  of  con- 
fidence to  accuracy,  and  concludes,  that  "There  is  a  positive 
correlation  on  the  whole  between  degree  of  confidence  and 
accuracy;  but  the  degree  of  confidence  is  not  a  reliable  index  of 
accuracy.''^  This  is  in  perfect  accord  with  our  finding  that  th^ 
confident  judgment  of  a  given  subject  is  more  liable  to  be 
correct  than  an  inconfident  one  by  the  same  subject.  Hen- 
mon, however,  did  not  distinguish  between  confident  and  inconfi- 
dent subjects;  but  only  between  confident  and  inconfident 
judgments ;  and,  therefore,  his  conclusion  is  cv^f^  ^r^mr^tible  with 
the  statement  made  above  that  the  confJriAn    ,.^lJ        ^    lof  niorp' 

apt  to  be  C^'*^'"^*  ^Viar  *^Vi**  'rynnnf^f^'^r 
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TABLE  XXIV 

Subject 

T.C. 

A.L'.L'm 

A,C.E. 

T.E. 

C 

146 

1. 5 

1.3 

35 

P 

139 

1.5 

1.3 

43 

N 

125 

1.4 

I.I 

52 

R 

93 

I.O 

.8 

35 

S 

92 

I.O 

.7 

30 

L 

86 

1.0 

.5 

35 

Q 

86 

I.O 

.6 

42 

A 

77 

I.O 

.3 

37 

M 

76 

.8 

.7 

36 

0 

Con. 

72 

.9 

A 

37 

Average 

99 

I.I 

.8 

for  each  Dec. 

T.C. 

—  Total  confidence. 

/V.v^.v^« 

=  Average  confidence  for 

correct 

decisions. 

A.C.E. 

=  Average  confidence  for 

errors. 

T.E. 

—  Total 

errors  in  ac 

:curac\ 

r  of  deci 

sion  te 

St. 

SITUATION  TEST 

In  connection  with  the  experiment  on  accuracy  of  decision, 
it  will  be  well  to  state  the  results  for  the  "Situation  Test"  (or 
A,  E,  O,  U  Test).  This  test  was  originated  by  Professor  Miins- 
terberg  in  the  interest  of  the  ship  service;  and  is  described  in  his 
"Psychology  and  Industrial  Efficiency. "'^  It  aims  to  determine 
reliability  of  judgment  in  an  emergency;  and,  therefore,  like  the 
experiment  just  reported  tests  degree  of  accuracy  and  rapidity  in 
decisions.  The  comparison  of  the  number  of  holes  in  two  cards 
is,  however,  a  relatively  simple  decision,  while  the  A,  E,  O,  U 
Test  introduces  a  much  more  complex  situation.  There  are  more 
factors  to  be  eliminated  and  the  experience  is  more  baffling  than 
in  the  comparison  test.  The  latter  may  probably  be  considered  as 
a  test  for  accuracy  and  rapidity  of  decision  in  ordinary,  every- 
day life,  while  the  former  tests  the  same  factors  in  an  emergency. 
Of  course,  these  two  traits  may  or  may  not  be  correlated.  It 
would  not  be  unreasonable  to  suppose  that  many  people  who  are 
accurate  and  quick  in  ordinary  life  affairs  would  lose  their  heads 
completely  in  an  emergency.  We  shall,  therefore,  not  be  surprised 
if  the  results  of  these  two  tests  are  not  identical. 

The  results  are  given  in  Table  XXV.  The  product  of  the 
time  multiplied  by  the  number  of  errors  in  our  experiment  on 

•Pp  «3-o^ 
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accuracy  of  decisicn  is  also  given  for  comparison.  As  expected, 
there  is  not  a  close  correspondence;  but  the  largest  products  in 
both  experiments  are  in  the  lower  half  of  the  columns  and  the 
smallest  in  the  upper.  There  are  four  exceptions  to  this :  L,  O,  A 
and  R.  None  of  the  ten  subjects  have  products  less  than  1661 
in  the  situation  test,  while  according  to  the  author  of  the  test,  the 
perfectly  reliable  should  make  a  product  of  400  or  less.  The 
importance  of  considering  not  only  the  product  but  also  the  time 
and  the  number  of  mistakes  in  estimating  any  individual  is 
well  illustrated  by  this  table.  Subject  O,  e.g.,  who  has  the  fewest 
mistakes,  is  disqualified  by  the  great  length  of  time;  and  Q, 
who  has  the  shortest  time,  is  disqualified  by  the  number  of  errors. 
On  the  whole,  neither  the  products  just  considered,  nor  the  num- 
ber of  errors,  nor  the  time  in  this  test  corresponds  completely  to 
the  same  factors  in  the  comparison  test. 


TABLE  XXV 

Situation  Test  II 

Subject 

Product 

Time           Mistakes 

Test  I 

TxEinC 

L 

1661 

151"                 II 

18.2" 

276.5 

Q 

1890 

105                  18 

21.2 

168.0 

M* 

2040 

120                  17 

20.0 

187.2 

0 

2130 

355                    6 

23.0 

233.1 

C 

2190 

146                  15 

154 

192.S 

A* 

2300 

230                  10 

164 

96.2 

S 

2440 

244                  10 

16.4 

384.0 

P* 

2646 

126                  21 

18.2 

333.9 

R 

2814 

134                  21 

24.0 

178.5 

N 

3300 

150                  22 

41.6 

468.0 

Product  =  Time  x  number  of  mistakes. 

Test  I  =  Time  for  sorting  the  cards  into  four  groups, — A,  E,  O,  U. 

T  X  E  in  C  =  Time  x  errors  in  experiment  on  comparison  of  number  of 

holes. 
*  =  Subjects  who  had  taken  the  test  before. 

If  the  number  of  errors  alone  be  considered,  an  interesting 
correlation  between  them  and  suggestibility  is  revealed.  This 
is  shown  in  Table  XXVI.  It  will  be  seen  that  with  one  exception 
the  non-suggestible  make  the  fewest  errors;  those  who  are 
both  positively  and  negatively  suggestible  come  next ;  and  the  most 
mistakes  are  made  by  those  who  are  positively  suggestible  alone 
or  negatively  suggestible  alone  (N).  This  correlation  is  not  un- 
expected, when  the  actual  experience  in  performing  the  test  is 
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considered.  This  shows  that  when  a  card  is  selected  as  having 
more  of  any  given  letter,  there  is  a  tendency  to  look  for  and 
hence  find  the  same  letter  predominating  in  the  next  card.  This 
tendency  is  greater  for  and  not  so  easily  overcome  by  the  sugges- 
tible subjects.  Subject  O's  exceptional  position  can  be  explained 
by  supposing  that  she  was  able  to  overcome  the  force  of  this 
suggestion  by  greatly  prolonging  the  time.  The  situation  test 
thus  becomes  a  good  test  for  a  certain  kind  of  suggestibility ;  but 
this  may  be  no  objection  to  it  as  a  test  for  reliability  in  emer- 
gency ;  for  those  who  lose  their  heads  in  an  emergency  may  always 
be  suggestible  people. 

This  correlation  with  suggestibility  is  shown  but  not  so  well 
by  the  errors  in  the  comparison  test  (Table  XXVI).  We  have 
remarked  in  Chapter  I  that  this  test  brings  out  a  liability  to 
illusions,  which  is  probably  similar  to  the  kind  of  suggestibility 
brought  out  by  the  "Situation  Test."  This  liability  to  illusions 
tended  to  produce  constant  errors  there;  but  in  the  later  similar 
experiment  this  tendency  was  partly  overcome  by  informing 
the  subject  of  the  correctness  or  incorrectness  of  each  decision. 
Thus  another  factor  was  introduced  which  no  doubt  affected  the 
results  considerably. 


TABLE  XXVI 

Subject 
0 

ES. 
6 

£.C. 
37        Suggestible 

s 

A 

lO 
10 

^       Non-suggestible 
37 

L 
C 
M 

II 
15 
17 

35  1 

35  f  Suggestible    and    Contra-Sug. 

36  J 

Q 
P 
R 

i8 

21 
21 

42  ] 

43  y  Suggestible 
35  J 

N  22  52        Contra-Suggestible 

E.S.  =  Errors  in  "Situation  Test." 
E.C.  =  Errors  in  Comparison  Test. 

The  method  of  evaluating  the  mistakes  in  the  situation  test 
deserves  some  consideration.  In  some  cards  the  predominating 
letter  '^'^curs  twentv-one  times,  in  o^b'*'-'^  ^i^i^^^^-in  times,  in  others 
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sixteen  times  and  in  still  others  fifteen  times,  out  of  a  total  of 
forty-eight.  Hence,  a  mistake  in  the  first  card  is  much  more 
serious  than  in  the  last,  and  this  must  be  taken  account  of  in 
evaluating  the  results.  The  method  adopted  was  to  count  the 
mistakes  in  these  cards  as  4,  3,  2  and  i  respectively,  on  the  as- 
sumption that  their  difficulty  varied  inversely  as  these  numbers. 
Now  this  is  the  assumption  that  should  be  further  investigated. 
It  might  be  done  by  giving  the  test  to  a  large  number  of  people, 
and  then  estimating  the  difficulty  of  the  respective  cards  by  the 
total  number  of  mistakes  made  in  each.  Such  a  record  was  kept 
of  the  ten  subjects  and  the  results  are  shown  in  Table  XXVII. 
On  the  whole,  the  number  of  mistakes  made  in  the  21,  18,  16, 
and  15  cards  were  3,  30,  17,  and  28  respectively;  but  since  there 
are  twice  as  many  18  and  16  cards  as  21  and  15,  the  figures  for 
equal  numbers  of  cards  would  be  3,  15,  8j/^  and  28.  Thus  the  18 
cards  are  really  more  difficult  than  the  16,  since  there  were  more 
mistakes  made  in  them.  This  seeming  paradox  is  explained  by 
the  fact  that  in  the  16  cards  a  number  of  consonants  are  inter- 
mixed with  the  vowels;  and,  since  the  total  number  of  letters  is 
the  same,  the  number  of  vowels  from  which  the  predominating 
one  is  to  be  selected  is  less,  and  thus  the  selection  easier.  There- 
fore, in  making  the  calculations  for  Tables  XXV  and  XXVI, 
mistakes  in  16  cards  have  been  valued  at  3,  those  in  18  at  2,  instead 
of  the  opyposite.  This,  however,  is  only  a  provisional  correction, 
and  the  results  for  many  more  subjects  should  be  considered  to 
obtain  an  accurate  value  for  each  card. 

Supposing  such  a  value  were  obtained,  it  might  still  be  rendered 
invalid  for  some  cases  by  another  circumstance:  viz.,  individual 
differences  as  to  what  card  is  found  most  difficult.  The  presence 
of  consonants  in  the  16  cards  may,  in  some  cases,  have  the  effect  of 
increasing  instead  of  decreasing  the  difficulty.  This  seems  to  have 
been  actually  the  result  in  the  case  of  subject  P,  who  made  4  mis- 
takes in  16  cards,  to  i  in  18.  For  some  subjects  again,  the  subjec- 
tive difficulty  may  not  increase  in  proportion  to  the  objective  differ- 
ences; for  others  it  may.  If  on  further  investigation  such  indi- 
vidual differences  turn  out  to  be  very  great,  the  only  way  of 
evaluating  the  mistakes  would  be  for  each  subject  on  the  basis 
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of  his  own  errors;  and  then  comparison  of  one  subject  with 
another  would  be  difficult  or  impossible.  Other  individual  differ- 
ences occur  in  the  letters  which  are  found  most  difficult.  Cards 
in  which  the  O  or  U  predominated  were  usually  found  easier  than 
those  in  which  A  or  E  predominated;  but  for  some  subjects  the 
opposite  might  be  true.  Such  differences,  however,  would  not 
make  any  difference  in  the  method  of  evaluating  the  mistakes; 
for  the  numbers  are  equally  distributed  among  all  the  letters. 


TABLE 

XXVII 

Subject 

21 

i8 

j6 

15 

Total 

0 

0 

I 

0 

4 

5 

L 

0 

3 

I 

2 

6 

A 

O 

4 

0 

2 

6 

S 

O 

2 

I 

3 

6 

M 

I 

3 

2 

I 

7 

C 

0 

3 

2 

3 

8 

P 

I 

I 

4 

3 

9 

Q 

0 

3 

3 

3 

9 

R 

o 

4 

3 

4 

II 

N 

I 

6 

I 

3 

II 

3 

30 

17 

28 

3 

15 

8% 

28 

ASSOCIATION  TEST 

The  subjects  were  tested  for  association  time  as  in  the  first 
investigation.  In  all,  forty  reactions  were  obtained  for  each 
subject,  and  the  time  taken  with  a  stop  watch  as  before.  The 
results  are  given  in  Table  XXVIII.  The  times  for  the  aesthetic 
decisions,  and  for  the  accuracy  of  decision  test  are  also  given  for 
comparison.  The  correlation  between  aesthetic  decision  time  and 
association  time  is  more  marked  than  that  shown  between  "log- 
ical" decision  time  and  association  time  in  the  last  investigation. 
If  the  method  of  unlike  signs,  which  considers  only  the  nature 
(+or — )  of  the  deviation  of  the  individual  subjects  from  the 
central  tendency  and  not  its  amount,  be  again  applied  here,  it 
will  be  found  that  there  are  only  two  cases  (L  and  Q)  of  unlike 
deviation, — that  is,  20%  cases  of  unlike  signs ;  and  this  signifies, 
according  to  Whipple,®  a  correlation  of  about  .8  between  associa- 
tion time  and  aesthetic  decision  time.     The  correlation  between 

•"|bfnniiai  '>f  pi^vsical  and  mental  ♦««!<■«;."  p?*  »  *f 


Subject 

A, 

C 

.94 

S 

.96 

R 

1.04 

A 

1.06 

L 

1.09 

P 

i^ 

N 

1.29 

Q 

i^ 

0 

1.35 

M 

1. 61 
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time  for  comparison  of  the  number  of  holes  in  two  cards  and 
association  time  is,  however,  less  marked, — there  being  four  cases 
of  unlike  signs.  The  time  for  sorting  cards,  as  obtained  in 
Situation  Test  I,  follows  the  association  time  pretty  well.  The 
only  marked  exception  is  subject  R,  who  was  not  used  to  handling 
cards  and  felt  awkward  about  it.  Subject  N's  time  was  greatly 
lengthened  for  the  same  reason.  This  is  the  nearest  approach 
we  have  to  a  reaction  time  test;  and  the  indications  from  it  are 
that  reaction  time  would  be  directly  correlated  with  decision  time. 


T.S,C. 

154 
16.4 

♦24.0 

164 

18.2 

18.2 

*4i.6 
21.2 
23.0 
20.0 

A,  =  Average  association  time. 
M.  =  Median  association  time. 
A.D.T.  =  Time  for  aesthetic  decisions. 

C.T.  =  Time  for  comparison  of  the  number  of  holes. 
T.S.C.  =^  Time  for  sorting  cards,  as  shown  in  Situation  Test  I. 
*.  =  Not  used  to  handling  cards — felt  awkward  about  it. 

In  the  last  investigation,  a  correlation  between  quickness  of 
association  time  and  constancy  in  decision  was  brought  out  (see 
page  15).  This  provisional  conclusion  is  not  verified  by  the 
results  of  this  experiment;  but  it  must  be  remembered  that  the 
decisions  were  upon  different  material,  and  the  results  for  con- 
stancy not  so  satisfactory  and  definite  as  in  the  previous  case. 
Then  there  were  many  more  experiments  to  obtain  a  constancy 
index  and  the  method  employed — arranging  the  whole  five  cards 
in  order  of  preferment — is  a  much  subtler  means  of  bringing 
out  the  relative  constancy  of  the  subjects;  but,  of  course,  not  so 
well  adapted  to  the  work  on  suggestibility  as  the  one  used  in  the 
second  instance.  The  result  here  cannot,  therefore,  be  considered 
as  a  refutation  of  the  previous. 

If  now  we  compare  the  association  times  with  the  errors  in  the 


TABLE  XXVIII 

M, 

AJ).T. 

C.T. 

I.O 

14.6 

5.5 

I.O 

13.0 

12.8 

1.0 

9.1 

5.1 

I.O 

12.7 

2.6 

1.0 

20.8 

7.9 

1.2 

17.0 

7-3 

1.3 

32.8 

9.0 

1.2 

10.8 

4.0 

1.2 

24.5 

6.3 

1.5 

I8.I 

5-2 
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accuracy  of  decision  test  (Table  XXIII),  we  shall  find  that  the 
quick  subjects  are,  on  the  whole,  the  most  accurate.  There  are 
only  two  cases  of  unlike  deviation.  It  would  seem  then  that, 
though  quickness  of  association  time  does  not  surely  guarantee 
quickness  in  the  comparison  of  the  number  of  holes  in  the  cards, 
it  does  point  more  certainly  to  accuracy  in  this  test.  It  may 
very  well  be  that  inaccuracy  in  the  comparison  test  and  slow  asso- 
ciation time  depend  upon  a  common  factor ;  and  this  factor  may  be 
inhibition,  delayed  or  erroneous  apperception,  or  some  other  of  the 
many  factors  that  lengthen  association  time.  We  know  from 
our  association  experiment  that  the  slow  subjects  had  many 
associations  as  quick  as  those  of  the  quickest  subjects,  but  re- 
ported many  more  obstructions,  inhibitions,  etc.,  so  that  these 
account,  in  part,  at  any  rate,  for  the  longer  times.  Such  inhi- 
bitions and  other  irregularities  occurred  most  frequently  with 
subjects  O  and  Q;  to  a  considerable  extent  with  M,  N,  P,  and  L; 
and  almost  not  at  all  with  the  other  subjects. 

MEMORY  TESTS 

The  method  of  testing  the  memory  of  the  subjects  was  slightly 
different  from  that  used  in  the  previous  investigation.  The 
material  was  again  figures,  nonsense  syllables,  and  words.  Mem- 
ory for  figures  was  tested  as  before,  except  that  the  subject 
repeated  each  number  from  memory  immediately  instead  of 
after  a  five-second  interval.  In  testing  memory  for  nonsense 
syllables  and  words,  the  Lipmann-Marx  memory  apparatus,  which 
exposes  the  words  successively  at  a  very  regular  rate,  was  made 
use  of.  Lists  of  twelve  nonsense  syllables,  and  of  eighteen  unas- 
sociated  words  were  constructed;  and  immediate  memory  effi- 
ciency or  learning  ability  was  measured  by  the  number  of  repeti- 
tions required  to  memorize  these  lists.  The  memory  was  taken 
as  complete  when  the  subject  could  anticipate  one  word  or  syllable 
ahead  throughout  the  list.  In  the  case  of  the  words  the  subjects 
were  told  to  use  artificial  associations  to  help  them  in  memorizing ; 
but  to  prevent  these  as  far  as  possible  with  the  nonsense  syllables. 
The  object  of  this  was  to  obtain  a  measure  of  association  strength 
in  the  ^'^rrpp    c^se,  as  w^l'  T<5  r'^cepti^'i^v  in  ^bf*  lat^'^'*      P'ji'-rig 
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learned  a  list  of  nonsense  syllables  and  a  list  of  words,  the  subject 
was  occupied  for  25  minutes  in  the  accuracy  of  decision  test 
described  above;  and  then  asked  to  write  down  first  all  the 
nonsense  syllables  and  then  all  the  words  he  still  remembered. 
His  memory  for  a  period  of  25  minutes  was  thus  measured  by  the 
number  of  words  and  syllables  he  still  remembered.  A  test  of 
memory  for  figfures,  for  words,  and  for  nonsense  syllables  was 
given  each  subject  every  week  for  three  weeks;  and  the  average 
efficiency  for  the  three  tests  taken  as  the  measure  of  the  subject's 
memory  ability  for  each  kind  of  material. 

We  shall  first  consider  the  memory  span  as  measured  by  the 
number  of  digits  reproduced  immediately  after  two  repetitions. 
Every  subject  showed  improvement  with  practice  in  this  test ;  and 
some  were  able  to  reproduce  one  figure  more  at  each  test  than  at 
the  last;  but  only  the  averages  for  the  three  tests  are  given  in 
Table  XXIX.  These  results  partly  verify  our  conclusion  regard- 
ing memory  span  in  the  last  investigation.  As  before,  there  is 
no  correlation  between  memory  span  and  decision  time  for  either 
kind  of  decision;  but  there  seems  to  be  a  correlation,  not  so 
marked  as  before,  between  memory  span  and  constancy, — for  the 
most  inconstant  have  poor  memory  spans.  Moreover,  there  is 
here  shown  a  considerable  correlation  between  accuracy  of  deci- 
sion and  memory  span.  There  is  probably  only  one  exception 
(subject  R),  and  this  would  mean  a  correlation  coefficient  of  .9 
or  over.  We  have  observed  above  that  there  is  probably  a  correla- 
tion between  suggestibility  and  inaccuracy.  If  this  is  so,  then 
suggestibility,  inaccuracy,  and  poor  memory  span  ought  to  go 
together.  The  fact  that  the  four  most  positively  suggestible 
subjects  have  also  the  poorest  memory  spans  affords  some  con- 
firmation of  this  supposition.  Since  memory  span  for  figures  is 
closely  related  to  span  of  attention,  and  a  broad  span  of  attention 
means  the  ability  to  take  in  all  the  details  of  a  situation,  which  is 
essential  to  correct  evaluation  and  decision,  we  would  naturally 
expect  this  correlation  between  memory  span  and  accuracy  of 
decision.  The  accuracy  spoken  of  here,  as  elsewhere  in  the 
discussion  of  memory,  is  for  the  comparison  of  the  number  of 
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for  the  latter  show  less  evidence  of  correlation  with  memory  in 
every  instance. 


TA 

BLE  XXIX 

Subject 

MS, 

C. 

A, 

L 

ii'A 

35 

35 

C 

II 

21 

35 

S 

10 

39 

30 

M 

9% 

30 

36 

N 

gVs 

37 

52 

A 

gVs 

21 

37 

Q 

9 

43 

42 

P 

9 

32 

43 

R 

9 

43 

35 

0 

8 

29 

37 

M.S.  =  Memory  span  for  figures. 

C.  =  Constancy,  number  of  changes  in  50  aesthetic  decisions. 
A.  =  Accuracy,  number  of  errors  in  100  decisions. 

The  immediate  memory  or  learning  ability  of  the  subjects,  as 
measured  by  the  number  of  repetitions  required  to  memorize  the 
lists,  is  shown  in  Table  XXX.  The  average  number  of  repetitions 
for  three  lists  of  twelve  nonsense  syllables  each,  and  for  three 
lists  of  eighteen  words  each  is  given  for  each  subject;  and  then 
these  figures  are  added  to  get  an  idex  of  learning  ability.  The 
number  of  repetitions  for  words  and  those  for  nonsense  syllables 
correspond,  on  the  whole,  pretty  well.  The  largest  figures  for 
each  are  in  the  lower  halves  of  the  columns ;  but  there  are  some 
important  variations.  Some  of  the  subjects  were  accustomed  to 
work  with  nonsense  syllables,  and,  therefore,  had  some  slight 
advantage ;  these  are  marked  with  an  asterisk.  No  correlation  is 
brought  out  between  learning  ability  and  decision  time,*  constancy 
or  accuracy,  except  in  the  case  of  repetition  for  words  taken  alone. 
Here  a  slight  correlation  between  quick  learning  and  accuracy  is 
shown,  but  subject  N  is  a  marked  exception- — very  inaccurate, 
yet  learning  very  quickly.  The  correlation  mentioned  is  impor- 
tant, for  in  this  test  the  subjects  were  told  to  make  use  of  arti- 
ficial association  to  aid  them  in  learning.  It  means,  therefore, 
that  rapidity  in  the  formation  of  associations  is  correlated  with 
accuracy,  while  mere  receptivity,  as  tested  by  nonsense  syllables, 
is  p'^t  •  and  this  ^s  a  s^'mil?*"  '^'^rrelatian  ^-n  fViP*-  broi  iht  ^"^  ^  ^^^t 
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association  test  where  it  was  found  that  quickness  of  association 
time  was  correlated  with  accuracy  of  decision.  There  is,  there- 
fore, no  doubt  that  the  speed  and  certainty  of  association  is  an 
important  factor  in  assuring  accuracy  in  decision.  Learning 
abihty  for  nonsense  syllables  is  not  at  all  correlated  with  memory 
span  for  figures;  but,  as  expected  from  their  mutual  correlation 
with  accuracy,  the  learning  of  words  is.  There  are  only  two 
cases  of  unlike  deviation  (signs)  :  subjects  C  and  R,  the  former 
good  in  memory  span  and  poor  in  learning, — the  latter  the 
opposite. 

TABLE  XXX 


Subject 

L. 

w. 

N. 

E^ 

R 

is'A 

SVz 

yVi 

35 

*N 

i6 

7 

9 

52 

*0 

i6^ 

10 

evs 

37 

M 

irVs 

6^ 

1034 

36 

*L 

^m 

JYz 

II 

35 

P 

19^3 

9 

10^ 

43 

S 

24^ 

83^ 

levs 

30 

*A 

26y3 

iiYz 

isVs 

37 

C 

28^ 

isVs 

iaVs 

35 

Q 

32 

16 

16 

43 

W.  =  Number  of  repetitions  for  lists  of  eighteen  words. 
N.  =  Number  of  repetitions  for  lists  of  twelve  nonsense  syllables. 
L.  =  Learning  ability,  obtained  by  adding  the  two  above. 
E.A.  =  Errors  in  accuracy  of  decision  test  for  comparison  with  column  W. 
*  =:  Subjects  who  had  previous  experience  with  nonsense  syllables. 

The  memory  of  the  subjects  was  also  measured  by  the  number 
of  words  and  syllables  remembered  after  a  period  of  twenty-five 
minutes.  The  results  (given  in  Table  XXXI)  flatly  contradict 
the  correlation  noticed  in  the  last  investigation  between  memory 
over  a  period  of  one  week  and  rapidity  of  decision.  There  it  was 
observed  that  the  subjects  quick  in  decision  had  better  memories 
than  the  slow.  Here,  on  the  contrary,  the  slow  subjects  have, 
with  only  one  exception,  better  memories  than  the  quick.  Of 
course,  both  results  may  be  true  since  one  experiment  was  on 
memory  for  a  week  and  the  other  on  memory  for  twenty-five 
minutes;  and  a  subject  who  remembers  well  for  twenty-five 
minutes  may  not  remember  relatively  as  well  for  a  week. 

^  s  h*»^'\r*»    t\Q  H^fin^t^  oofrel^^'ot    is  br'^'igrb^"   '^•it  ^'*tween 
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memory  and  constancy  or  accuracy.  The  two  subjects,  however, 
who  have  the  best  memory  for  words  (L  and  S)  are  also  accurate 
subjects.  We  would  expect  from  previous  considerations  that 
strength  of  association  (memory  for  words)  would  show  some 
correlation  with  accuracy,  and  that  retentiveness,  as  tested  by 
memory  for  nonsense  syllables,  would  not.  We  would  expect 
also  that  memory  for  words  would  correspond  pretty  well  with 
memory  span  for  figures ;  and  this  is  true,  with  the  exception  of 
subject  C,  who  is  very  good  in  the  latter  and  very  poor  in  the 
former. 

In  tests  for  memory  it  is  very  difficult  to  keep  the  conditions 
the  same  for  all  subjects,  especially  where,  as  in  this  case,  the 
subjective  interests  of  the  subjects  are  not  the  same.  Each  subject 
does  best  in  the  test  in  which  he  is  most  interested  or  likes  best. 
This  is  true  of  any  test;  but  it  is  probably  not  so  serious  an 
objection  as  might  be  supposed  for  the  interest  may  follow  the 
ability  instead  of  the  reverse  as  is  usually  supposed.  Objective 
conditions  were  always  kept  as  near  as  possible  the  same.  The 
subjects  were  asked  not  to  think  of  the  material  learned  during 
the  25-minute  interval,  in  which  they  were  occupied,  as  stated 
above,  in  the  accuracy  of  decision  test.  In  the  first  test  they  did 
not  know  they  were  going  to  be  asked  to  write  what  they  could 
remember  after  25  minutes ;  and,  as  the  results  show  that  they  did 
as  well  in  it  as  afterwards,  we  conclude  that  they  succeeded  in 
following  the  instructions  in  the  second  and  third  tests. 


TART.K  XyiXl 

Subject 

W. 

N. 

L 

18 

10^ 

S 

18 

9^ 

N 

17 

gVs 

M 

17 

gVs 

P 

15^ 

9V3 

A 

iSVs 

SVs 

R 

iSVs 

8 

Q 

isVs 

7 

0 

hVs 

6 

C 

9 

3 

W.  =  Number  remembered  out  of  eighteen  words  after  25'. 
N.  =  Number  remembered  out  of  twelve  nonsense  syllables  after  25'. 
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ATTENTION 

The  relation  of  attention  to  decision  time,  constancy  and 
accuracy  is  probably  of  more  importance  than  any  of  the  rela- 
tions so  far  considered ;  but  there  are  as  yet  no  adequate  tests  for 
attention  and  the  work  on  this  point  is  therefore  even  more 
meager  than  on  the  others.  Span  of  attention  is  probably  fairly 
well  tested  by  the  work  on  memory  span  for  figures.  Two  other 
tests  were  now  made:  the  cancellation  test  (A-Test)  for  duration 
of  attention,  and  the  dot-counting  test  for  concentration  of  at- 
tention.'^  Both  of  these  tests  involve  other  factors  as  well  as 
attention;  but  there  can  probably  never  be  a  test  for  attention 
alone;  for  attention  means  attention  to  something  and  therefore 
involves  at  least  sensory  and  perceptual  factors. 

The  A-Test  is  chiefly  a  test  of  visual  perception  and  recogni- 
tion. It,  of  course,  requires  attention,  but  the  results  are  am- 
biguous. A  poor  showing  may  be  due  to  defects  of  perception  or 
slow  reaction  rather  than  poor  attention.  Each  subject  was 
given  only  one  test.  A  page  containing  thirty  lines  of  pied  text 
was  used.  There  were  51  A's  to  be  cancelled.  Efficiency  was 
measured  by  the  time  taken  to  perform  the  task  and  the  number 
of  errors.    Whipple  gives  the  formula  A  =  C  —  W  to  compute 

C  +  O 

the  index  of  accuracy.^     C  =  the  number  of  letters  crossed; 

W  =  the  number  wrongly  crossed ;  and  O  =  the  number  erron- 
eously omitted.  Since  none  of  the  ten  subjects  had  any  of  the 
W  class,  the  number  of  letters  crossed  out  of  51  can  always  be 
taken  as  the  index  of  accuracy.  Also,  to  compute  a  single  index 
of  efficiency,  Whipple  gives  the  formula  E  =  S,  in  which  E  =  the 

a: 

desired  efficiency,  S  =  the  time,  and  A  =  the  accuracy  index ; 
but,  since  the  accuracy  varied  so  little  and  the  time  so  much,  the 
efficiency  as  computed  by  this  formula  corresponds  exactly  to 
the  time,  which  we  have  therefore  used  in  our  statement  of  the 
results  in  Table  XXXII. 


^  For  description  of  these  tests  see  Whipple's  Manual,  pp.  254-273. 
•Ibid.  pp.  260-261. 
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TART.E  XXXII 

Subject 

Time                        A, 

S,T. 

L 

no"                           47 

1661 

P 

131                             50 

2646 

M 

136                            51 

2040 

A 

160                             51 

2300 

Q 

162                             50 

1890 

S 

172                             51 

2440 

0 

177                             51 

2130 

c 

191                              49 

2190 

N 

227                              50 

3300 

R 

252                             47 

2814 

A.  =  Number   cancelled   out   of   fifty-one. 
S.  T.  ^  Products  in  the  situation  test. 

These  results  show  no  relation  to  time,  constancy  or  accuracy 
in  the  decision  experiments,  but  they  correspond  fairly  well 
with  the  products  in  the  situation  test.  This  is  probably  because 
in  both  tests  the  perception  and  recognition  of  letters  are  impor- 
tant factors.  There  is  probably  also,  as  in  the  situation  test,  some 
relation  to  suggestibility;  for  the  mistakes  are  all  made  by  sug- 
gestible or  contra-suggestible  subjects. 

The  dot-counting  test  also  involves  other  factors  than  attention ; 
and  these  are,  according  to  the  introspection  of  the  subjects, 
chiefly  visual  schematism  or  ingenuity  in  grouping  the  dots 
and  immediate  memory  for  these  groups.  Each  subject  was  given 
two  tests;  in  the  first  there  were  50  dots,  in  the  second  57.  The 
errors  were  counted  by  taking  the  difference  between  the  given  and 
the  true  numbers.  The  total  errors  and  the  average  time  for  the 
two  tests  are  given  for  each  subject  in  Table  XXXIII.  The  O  or 
U  signifies  that  the  mistakes  were  made  in  over-  or  under- 
estimating the  true  number.  There  seems  to  be  no  correspon- 
dence between  time  for  dot-counting  and  time  for  the  cancella- 
tion test.  In  fact,  the  quickest  in  the  latter  was  the  slowest  in 
the  former;  but  there  is  not  a  general  inverse  relation.  There 
is  also  no  relation  brought  out  between  the  results  for  the  dot- 
counting  test  and  time,  constancy,  or  accuracy  in  the  decision 
test ;  nor  is  there  any  relation,  as  in  cancellation,  to  the  situation 
test.  On  the  whole,  however,  the  least  suggestible  subjects  are 
the  quickest  in  dot-counting,  though  not  always  the  most  accurate. 

Th'^se  tes^^s  may  probably  h^ve  beer*  successful  m  shrving  the 


64  /.  W.  BRIDGES 

relation  of  the  factors  tested  to  decision  type ;  but  it  seems  to  us 
that  attention  was  not  the  most  important  of  these  factors,  and 
that  the  results  cannot  be  considered  as  any  indication  of  the 
relation  of  attention  to  decision.  In  all  probability  attention  is  a 
much  more  significant  and  crucial  factor  at  least  in  accuracy 
than  these  results  would  show;  and  its  real  place  is  more  likely 
better  revealed  by  the  tests  for  memory  sparf. 


TABLE  XXXIII 

Subject 

Time 

E. 

S 

16.5' 

I— 0 

M 

20.0 

3~U 

A 

21.0 

5-U 

N 

22.0 

2— U 

0 

25.S 

i—U 

R 

36.5 

7-U 

Q 

37.0 

I— U 

p 

53.S 

I— 0 

C 

63.5 

I— U 

L 

78.0 

2—0 

E.  =  Errors  for  two  tests. 
O.  ^  Over-estimations. 
U.  =  Under-estimations. 

ORIGINALITY  TEST 

The  last  test  we  have  to  report  had  for  its  object  to  bring  out 
the  originality  or  inventiveness  of  the  subjects.  The  following 
method,  suggested  by  a  paper  of  Professor  Royce's  on  the 
"Psychology  of  Invention,"®  was  adopted:  First  a  circle  was 
presented  to  the  subject,  who  was  told  to  draw  another  geomet- 
rical figure  as  different  as  possible  from  this ;  then  a  rhombus  with 
diagonal  was  presented  and  the  subject  asked  to  draw  anything 
else,  as  different  as  possible ;  and  finally  five  concepts  were  given 
one  at  a  time  and  the  subject  was  to  write  other  concepts  as  dif- 
ferent as  possible  from  these.  The  degree  of  originality  is  shown 
by  the  ability  to  break  away  from  the  impressions  or  ideas,  and 
by  the  time  of  the  performance.  The  tendency  in  the  first  test 
would  be  to  draw  a  square,  in  the  second  to  draw  some  other 
geometrical  figure,  and  in  the  third  to  write  the  opposite  of  the 
given  concepts,  which  were:  mind,  cause,  substance,  man,  and 
heaven.    If  ^^'^^  ter'^ency  were  fo1l/^*"'«»H  o^^*"   ^^  wonM  indicate  ^ 
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routine  mind,  incapable  of  breaking  away  from  the  dominance 
of  the  ideas  and  impressions  borne  in  upon  it;  while  the  further 
it  were  departed  from,  the  greater  the  degree  of  originality. 
Since  the  ordinary  associations  of  these  perceptions  and  concepts 
may  not  be  exactly  the  same  for  every  subject,  as  the  ones  men- 
tioned above,  it  was  necessary  to  take  the  introspection  of  the 
subjects  into  consideration  in  estimating  the  amount  of  departure 
from  the  ordinary.  Of  course,  this  estimation  was  no  doubt  also 
influenced  by  the  subjective  prejudices  of  the  experimenter;  but 
Table  XXXIV  gives  the  relative  standing  of  the  subjects  as  near 
as  it  could  be  estimated  from  the  records.  The  subjects  are 
arranged  in  order  of  originality  with  the  most  original  first. 


TABLE  XXXIV 

Subject 

0. 

Time 

L 

16 

228" 

S 

15 

43 

A 

II 

107 

N 

10 

84 

M 

10 

61 

C 

10 

64 

0 

10 

60 

P 

8 

56 

Q 

4 

87 

R 

2 

48 

O.  =  Index  of  originality. 
Time  ^  Total  for  all  the  tests. 

The  originality  index  was  calculated  in  the  following  way:  a 
complete  departure  from  the  above-mentioned  ordinary  tendency, 
shown  by  both  the  introspection  and  the  objective  records,  was 
in  Tests  i  and  2  valued  at  5 ;  a  complete  submission  to  it  at  o ; 
and  various  degrees  of  success  at  overcoming  it  were  represented 
by  values  from  o  to  5.  In  Test  3,  thorough  success  in  getting 
away  from  the  usual  ideas  was  valued  at  10,  2  for  each  concept. 
The  figures  given  in  column  "O"  of  the  table  are,  therefore,  the 
values  attained  out  of  a  possible  20.  In  general,  those  who  were 
original  with  the  impressions  in  Tests  i  and  2  were  also  original 
with  ihe  ideas  in  Test  3 ;  and  we,  therefore,  give  only  the  total 
for  all  tests  in  the  table.  The  same  can  be  said  of  the  time,  and 
for  the  same  reason  only  the  total  time  for  the  three  tests  is 
given. 
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As  we  anticipated,  the  results  in  this  test  are  inversely  related 
to  the  results  previously  obtained  for  suggestibility.  The  most 
or^;inal  are  the  least  suggestible;  next  in  order  come  those  who 
are  also  contra-suggestible ;  and  least  of  all  the  positively  suggest- 
ible. There  is  only  one  exceptioa  to  this :  Subject  L,  who  has 
shown  the  greatest  originality,  is  both  positively  and  n^;atively 
st^ggestiUe  in  the  decision  test;  but  his  originality  was  only 
attained  by  the  sacrifice  of  a  great  deal  of  time;  while  S,  the 
least  suggestiUe  subject,  is  both  quick  and  original  in  this  test 
Of  course,  we  might  follow  our  method  in  the  dedsicm  test,  and 
szy  that  there  are  both  quick  and  slow  original,  and  quick  and 
slow  non-original  types ;  for  it  is  hardly  fair  to  say  that  difficulty 
in  overcoming  the  tendency,  as  shown  by  a  lengthening  of  the 
time,  if  rewarded  by  final  success,  indicates  a  lack  of  originality. 
It  is  surely  one  type  of  originality — the  originality  of  the  thought- 
ful, persevering  man  as  distinguished  from  that  of  the  genius. 
This  difficulty,  however,  shows  some  suggestibility,  and  if  the 
test  is  taken  merely  as  a  test  for  suggestibility,  the  lengthening 
of  the  time  must  certainly  be  taken  into  consideration  as  a  mark  of 
that  trait,  for  it  appears  that  a  suggestible  person  may  be  original 
but  cannot  be  quick  in  his  originality.  If  the  time  as  well  as  the 
work  done  is  thus  evaluated,  this  test  for  originality  becomes 
truly  a  very  good  test  for  suggestibility.  The  sugfgestible  subject 
will  succumb  to  the  suggestion  of  the  ordinary  association  with 
the  idea  or  impression  given,  or  will  take  a  very  long  time  to  over- 
come it;  while  the  non-suggestible  will  quickly  break  away 
from  it. 

Other  correlations  with  originality  are  just  the  inverse  of  those 
previously  noticed  with  suggestibility.  Hence,  the  most  original 
subjects  are  the  most  accurate  in  the  comparison  test  and  have  the 
fewest  mistakes  in  the  situation  test.  This  correlation  is  strength- 
ened by  subject  L's  position  at  the  head  of  the  list  in  the  origin- 
ality test. 

All  the  tests  given  were  very  successful  in  bringing  out  large 
individual  differences;  but  too  few  subjects  were  examined  to 
obtain  any  adequate  information  regarding  the  correlation  of  the 
various  traits.     Several  correlations  have  been  hinted  at;  but  the 
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results  in  this  respect  were  largely  negative.  It  may  be  that  on 
further  investigation  with  a  larger  ntunber  of  subjects  correlations 
may  be  obtained  where  we  have  found  none;  and  those  we  have 
suggested  may  be  proved  erroneous;  but  until  refuted  by  more 
efficient  investigations,  we  shall  assume  that  these  results  point  in 
the  right  direction.  They  seem  to  verify  two  important  statements 
made  by  Thorndike^^ :  ( i )  that  the  variations  in  mental  traits  are 
continuous  and  cluster  around  one  central  tendency  or  type ;  and 
(2)  that  in  mental  traits  correlation  and  not  compensation  is  the 
rule, — ^that  is  to  say,  efficiency  in  one  trait  is  very  likely  though 
not  certain  to  be  correlated  with  efficiency  .and  not  deficiency  in 
another. 

^Educational  Psychology,  1910,  chapter  X. 


CONCLUSIONS 

The  very  nature  of  the  investigation  renders  this  paper  ex- 
tremely difficult  to  siunmarize;  but  we  shall  endeavor  to  select 
from  the  results  scattered  throughout  a  few  conclusions  that 
may  be  regarded  as  of  chief  importance. 

(i)  There  is  no  correlation  between  time  and  constancy  in 
either  logical  or  aesthetic  decisions.  Hence,  we  are  able  to  speak 
of  four  decision  types :  quick  constant,  slow  constant,  quick  incon- 
stant, and  slow  inconstant.  These  types,  however,  grade  into 
each  other,  so  that  there  is  no  natural  dividing  lines  between 
quick  and  slow,  and  between  constant  and  inconstant. 

(2)  There  is  no  correlation  between  time  and  accuracy  in  ob- 
jective decisions,  so  that  here  also  any  time  can  be  combined 
with  any  degree  of  accuracy.  This  fact  has  some  practical  signifi- 
cance; for  it  shows  that  subjects  both  quick  and  accurate  exist. 
They  are,  however,  probably  rarer  than  the  mediocre  in  time  and 
accuracy,  and  their  rarity  no  doubt  increases  with  their  efficiency. 

(3)  There  is  no  correlation  between  time  in  subjective  and 
time  in  objective  decision,  nor  between  constancy  in  the  former 
and  accuracy  in  the  latter.  That  is  to  say,  the  consistent  subject 
may  be  consistently  inaccurate;  and  the  subject  slow  in  matters 
of  taste  or  opinion  may  be  quick  in  objective  situations.  There 
seems,  however,  to  be  some  evidence  of  a  correlation  between 
quickness  in  subjective  decisions  and  accuracy  in  objective,- — a 
correlation  probably  based  upon  the  concentration  of  attention 
required  in  both  traits ;  but  it  is  not  sufficiently  marked  to  warrant 
serious  discussion. 

(4)  Some  subjects  who  come  under  the  quick  constant  class  in 
simple  decisions,  change  their  type  under  more  complex  condi- 
tions, becoming  slow  or  inconstant  or  both.  If  this  change  of  type 
also  occurs  for  time  and  accuracy  in  objective  decisions  (and  the 
results  for  the  comparison  and  situation  tests  seem  to  show  that 
it  does),  the  fact  is  of  consid^^-^V^  importance;  for  the  individual 
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acts  of  decision,  but  would  fail  in  any  calling  that  demanded 
decisions  in  relatively  complex  situations. 

(5)  Subjects  differ  greatly  in  the  variability  of  their  decision 
times;  so  that  there  are  "uniform"  and  "variable"  subjects;  but 
the  variability  in  the  decision  times  of  any  given  subject  has  no 
relation  to  his  variability  from  the  mean  average  time  for  all  the 
subjects.  Hence,  subjects  can  be  found  who  are  both  much 
quicker  than  the  average  and  also  "uniform."  The  subjects 
"variable"  in  time  are  as  a  rule  the  same  ones  that  change  their 
type  under  more  complex  conditions.  The  coefficient  of  varia- 
bility is  greater  in  objective  than  in  aesthetic  decisions,  and  there 
is  no  correlation  between  the  C.V.'s  in  the  two  tests.  The  C.V. 
is  an  independent  factor,  not  correlated  with  time,  constancy,  or 
accuracy  in  decision. 

(6)  In  general,  practice  has  no  marked  effect  upon  decision 
times;  but  there  are  individual  differences  in  this  respect — some 
of  the  more  adaptable  subjects  quicken  the  time. 

(7)  The  decision  time  for  the  second  presentation  is,  as  a  rule, 
less  than  for  the  first ;  but  for  some  subjects  it  is  relatively  very 
much  less  than  for  others.  These  subjects  probably  learn  very 
quickly  from  experience,  and  their  efficiency  increases  rapidly 
with  repetition;  but  their  efficiency  in  novel  situations  as  shown 
by  the  time  for  the  first  presentation  is  not  altered.  This  is 
important  practically ;  for  such  subjects  would  be  successful  in  an 
occupation  presenting  very  few  situations  with  routine  decisions 
in  each,  but  might  fail  in  any  vocation  which  demands  quick 
decisions  upon  always  novel  situations. 

(8)  In  subjective  decisions  the  confident  subject  is  more  apt  to 
be  constant  than  the  inconfident;  but  in  objective  decisions  the 
confident  subject  is  not  more  liable  to  be  correct.  In  the  latter  the 
medium  subject  has  the  greatest  accuracy,  while  the  over-confi- 
dent and  under-confident  are  both  inaccurate.  The  over-confident, 
however,  varies  little  in  his  confidence  from  right  to  wrong  judg- 
ments, while  the  under-confident  are  much  more  confident  for 
their  correct  than  for  their  incorrect  decisions.  In  both  subjective 
and  objective  decisions  the  confident  judgment  of  any  given 
PMhjec*- 1<5  more  apt  to  be  constant  and  a.r'^urat^  resp^ctivelv  ^han 
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his  inconfident  judgment;  but  the  difference  is  less  than  might  be 
expected. 

(9)  In  subjective  decisions  there  was  more  inconstancy  with 
judgments  which  the  subjects  described  as  difficult.  The  same 
thing  is  shown  by  the  fact  that  there  were  more  changes  in 
decisions  where  times  were  above  the  median,  and  hence  more 
difficult,  than  in  those  below  it. 

(10)  The  subjects  differ  relatively  in  ^constancy  with  the 
different  materials  used  in  the  aesthetic  decisions.  On  the  whole, 
there  are  most  changes  with  the  post  cards  and  least  with  the 
pictures.  They  also  differ  in  respect  to  the  material  which  they 
find  most  difficult  to  decide  upon.  This  is  shown  by  their  relative 
differences  in  time  with  the  different  materials. 

(11)  The  accuracy  of  the  objective  decisions  remained  on  the 
whole  about  the  same  when  the  time  was  allotted.  Of  the  slow 
subjects,  some  were  more  inaccurate  when  hurried,  while  others 
actually  did  better;  and  the  longer  time  did  not  increase  the 
accuracy  of  the  quick  subjects.  These  facts  may  favor  the 
theory  of  an  "optimal  judgment  time";  or  it  may  be  that  the 
slow  who  were  more  accurate  when  hurried  belong  to  that  class 
of  individuals  who,  while  quite  phlegmatic  in  ordinary  life,  excel 
when  called  upon  to  fill  an  emergency. 

(12)  The  general  effects  of  suggestion  upon  decisions  are  to 
lengthen  the  time  and  increase  the  inconstancy ;  but  these  effects 
are  much  more  pronounced  with  some  subjects  than  with  others. 
The  suggestion  also  reduces  the  variability  of  the  subjects  from 
their  central  tendency  in  time  and  increases  it  in  the  number  of 
changes. 

(13)  Subjects  can  be  roughly  classified  into  four  types  on  the 
basis  of  their  suggestibility:  (i)  the  non-suggestible,  (2)  the 
positively  suggestible,  (3)  the  positively  and  negatively  suggesti- 
ble, and  (4)  the  negatively  suggestible.  These  types  merely 
signify  certain  degrees  of  the  trait;  for  there  is  probably  no 
absolutely  non-suggestible  subject,  just  as  there  is  no  purely 
positively  or  purely  negatively  suggestible  person. 

(14)  There  is  a  correlation  between  suggestibility  and  accu- 
racy.   The  less  the  suggestibility,  the  greater  the  probability  of 
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accuracy.  This  is  shown  by  the  number  of  errors  in  the  com- 
parison test,  as  well  as  by  the  number  of  mistakes  in  the  "situa- 
tion test." 

(15)  The  results  for  the  "comparison  test"  and  the  "situation 
test"  are  by  no  means  identical.  The  latter  presents  a  more 
complex  situation;  and  subjects  who  are  equally  excellent  in 
simple  decisions  may  be  quite  different  in  more  complex  ones. 

(16)  The  situation  test  seems  to  be  successful  in  bringing  out 
the  mental  trait  intended ;  but  the  method  of  evaluating  the  results 
and  comparing  the  subjects  requires  further  study  and  correction. 

(17)  The  best  material  for  testing  suggestibility  appears  to  be 
geometrical  figures;  for  here  the  suggestion  was  most  readily 
accepted.  The  post  cards  were  the  poorest  material  for  bringing 
out  suggestibility,  but  the  best  for  contra-suggestibility.  There 
were,  however,  marked  individual  differences  as  to  the  material 
which  brought  out  the  most  or  least  of  these  traits. 

(18)  The  suggestible  subject  may  or  may  not  be  introspectively 
aware  of  his  suggestibility.  He  may  think  his  decision  is  unbiased 
or  even  remember  that  he  decided  the  same  way  before,  while 
his  memory  plays  him  false  and  he  is  really  accepting  the 
suggestion. 

(19)  Inertia,  or  the  tendency  to  leave  things  as  they  are,  exerts 
some  influence  on  decision.  This  inertia  is  much  greater  with 
some  subjects  than  with  others.  There  is  also  some  indication 
of  its  correlation  with  variability  in  time. 

(20)  Position  also  influences  decision.  This  influence  is  one 
kind  of  suggestion,  and  of  course  varies  in  amount  with  different 
subjects.  There  is  also  considerable  variation  in  the  position  that 
is  found  most  attractive.  Position  B, — that  is,  one  from  the 
right,  is  the  most  favored. 

(21 )  Association  time  shows  some  slight  correlation  with  time 
in  aesthetic  decision ;  and  also  with  accuracy  in  objective  decision ; 
in  that  the  quickest  in  association  time  are  the  more  accurate. 

(22)  In  conformity  with  the  above,  we  find  that  there  is  a 
correlation  between  rapidity  of  learning  lists  of  words  and 
accuracy ;  but  not  between  the  learning  of  nonsense  syllables  and 
accuracv     ^n  tb**  former,  asson'atf^t*  *<5  the  rh*'  "■  fq^for-  vViile  iV 
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the  latter,  receptivity  or  plasticity  is  a  more  important  factor  than 
association. 

(23)  Memory  span  for  figures  is  also  well  correlated  with 
accuracy  and  very  slightly  with  constancy.  It  is  also  correlated 
with  suggestibility, — the  most  suggestible  having  the  poorest 
memory  spans. 

(24)  Memory  over  periods  of  time,  and  time  for  sorting  cards 
show  no  definite  correlation  to  decision  time,  constancy,  or 
accuracy. 

(25)  The  results  of  the  A-test  are  correlated  fairly  well  with 
the  products  in  the  situation  test;  but  neither  the  A-test  nor  the 
dot-counting  test  brought  out  any  correlation  with  decision  time, 
constancy,  or  accuracy.  The  least  suggestible,  however,  make  the 
fewest  mistakes  in  the  A-test ;  and  are  also  the  quickest,  though 
not  the  most  accurate,  in  the  dot-counting  test. 

(26)  The  most  original  subjects  are  the  least  suggestible; 
but  a  suggestible  person  may  be  original,  if  he  has  the  persever- 
ance and  will  to  overcome  the  suggestion;  and  this  probably 
requires  some  contra-suggestibility. 

(27)  The  most  original  subjects  are  the  most  accurate  in  the 
comparison  test,  and  have  the  fewest  errors  in  the  situation  test. 
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CHAPTER  I 
Introduction 

It  is  perhaps  more  true  of  music  than  of  ajiy  other  art  that 
the  critics  of  one  generation  are  the  laughing  stock  of  the  next. 
The  question  of  acceptable  harmonic  progressions  has  been  a 
bone  of  contention  between  composer  and  listener  from  ever- 
lasting to  everlasting.  It  matters  not  with  what  period  of 
musical  history  we  concern  ourselves,  there  is  always  evidence 
that  the  great  composers  were  being  continually  taken  to  task 
on  the  ground  of  impossible  harmony.  Even  Mozart  was  at- 
tacked by  Hans  Georg  Nageli^  for  certain  progressions  in  his 
"Jupiter"  symphony;  Beethoven  became  notorious  for  outraging 
the  tender  feelings  of  theorists  of  his  day ;  fifty  years  later  Wag- 
ner was  struggling  to  persuade  the  world  to  endure  harmonies 
which  were  to  become  shortly  afterwards  a  chief  resource  for 
popular  nights  at  the  symphony.  In  our  own  time  Strauss  set 
out  by  appalling  his  hearers  with  a  "wild  experimentation"  which 
a  London  critic  described  as  "discordant  for  the  mere  sake  of 
discord";^  one  by  one  he  has  converted  his  opponents  until,  as 
Newman  says,^  "Any  one  who  now  thinks  Tod  und  Verklarung 
a  tough  nut  to  crack  is  looked  upon  as  a  hopeless  conservative." 
But  the  end  is  not  yet.  More  recently  Sibelius  has  given 
concert-goers  a  start  with  his  Symphony  Number  4,  of  which 
W.  J.  Henderson  writes:  "He  has  swallowed  the  disjointed  se- 
quences, the  chord  of  the  minor  second,  and  all  the  Chinese 
horrors  of  the  forbidden  fifths."  Another  critic  remarks,  "It  is 
as  inconsequential  as  the  ravings  of  a  drunken  man."  Doubtless 
the  critics  of  Sibelius  will  be  making  their  apologies  ten  years 
hence. 

What  is  the  ultimate  meaning  of  all  this  ?  For  the  answer  to 
this  question,  practical  music  will  have  to  tnrri  to  theory,  and 

*Jahn,    Life    of    Mozart,    III,    34. 
•  Newman,  Musical  Studies,  290. 
•O    "»♦    291 
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especially  to  the  theory  of  consonance.  How  far  an  answer 
may  be  expected  from  this  quarter  we  shall  see  at  the  conclusion 
of  the  present  discussion.  But,  first,  we  shall  be  obliged  to 
review  and,  to  a  certain  extent,  to  revise  the  theoretical 
situation. 


CHAPTER  II 
Theories  of  Consonance 

The  problem  of  consonance  is  one  that  may  be  attacked  from 
the  various  standpoints  of  mathematics,  of  psychology,  and  of 
physiology.  The  last-mentioned  branch  of  consonance  theory 
may,  however,  be  eliminated  from  consideration  here,  since  the 
little  that  it  has  at  present  to  offer  is  of  very  questionable  validity. 
Of  the  other  two,  it  was  the  mathematical  aspect  that  most  con- 
cerned theorists  from  the  time  of  Pythagoras  to  that  of  Helm- 
holtz,  whereas  during  the  last  fifty  years  attention  has  been  given 
increasingly  to  the  psychological  aspect. 

The  mathematical  standpoint  is  best  represented  by  the  phi- 
losophers Descartes,  Leibnitz,  and  more  especially  Euler,*  all  of 
whom  were  impressed  in  true  Pythagorean  fashion  by  the  gen- 
eral significance  of  number  relations.  The  fact  of  greatest 
moment  to  them  was  the  correspondence  betwen  the  physical 
datum  of  greater  or  less  simplicity  in  vibration  ratios  and  the 
conscious  experience  of  greater  or  less  consonance.  Thus  for  the 
1 : 2  ratio  we  have  the  very  consonant  octave ;  for  the  2 : 3 
ratio  the  less  consonant  fifth ;  for  the  4 :  5  the  imperfect  con- 
sonance of  the  major  third ;  and  so  on  to  the  harshest  dissonances. 
According  to  Euler  the  human  mind  perceives  the  commensura- 
bility  of  pitch  numbers  as  such,  and  derives  pleasure  from  dis- 
covering the  law  of  their  arrangement. 

These  correspondences  between  the  physical  and  the  con- 
scious are  unquestionably  facts  of  fundamental  importance,  but 
they  leave  the  conscious  phenomena  themselves  no  better  under- 
stood than  before.  Further  progress  in  the  minute  observation 
of  the  mental  facts  was  inhibited  in  these  investigators  by  their 
strong  bias  for  the  delights  of  "arithmetical  mysticism,"  as 
Helmholtz  expressed  it.*^  Such  a  psychology  as  they  worked 
out  was  merely  mathematics  with  a  new  name.     The  changed 

*  Helmholtz,  Sensations  of  Tone,  Ellis'  translation,  229  ff. 

•  Sensations  of  Tone,  229. 
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Standpoint  of  the  present  day  is  voiced  by  Professor  Max  Meyer 
when  he  says,®  "Neither  the  physicist  nor  the  physiologist  can 
prove  by  physical  or  physiological  laws  why  we  must  enjoy 
certain  combinations  of  tones.  It  is  the  psychologist's  task  to 
determine  the  asethetic  laws  which  describe  the  subjective  as  well 
as  the  objective  conditions  of  aesthetic  enjoyment." 

But  when  we  have  claimed  that  consonance  is  essentially  a 
problem  for  psychology,  we  have  not  yet  limited  its  method  of 
treatment.  As  psychologists  we  must,  of  course,  regard  our 
given  conscious  phenomena  as  so  many  facts  to  be  described  in 
detail  and  related  to  each  other  wherever  possible.  But  this  may 
be  done  with  only  a  minimum  of  reference  to  the  past  or  the 
future.  We  may  simply  characterize  present  facts  in  terms  of 
other  present  facts.  On  the  other  hand,  our  prevailing  interest 
may  cause  us  to  regard  our  subject-matter  as  merely  a  phase  in 
a  course  of  development.  We  may  seek  to  clarify  existing  con- 
scious phenomena  by  reference  to  their  probable  mode  of  genesis. 
The  importance  of  the  latter  method  as  complementary  to  the 
first  is  fully  recognized  in  general  psychology,  but  the  literature 
on  the  subject  of  consonance  betrays  as  yet  a  rather  marked  bias 
for  the  first.  Any  given  experience  of  consonance  is  usually 
taken  for  granted,  as  given  once  for  all,  and  the  nature  of 
its  ancestry  is  too  little  considered  as  a  possible  source  of  new 
light.  This  one-sided  viewpoint  will  become  apparent  as  we 
examine  briefly  the  four  leading  psychological  theories  of  con- 
sonance, those  of  Helmholtz,  of  Lipps,  of  Krueger,  and  of 
Stumpf. 

Helmholtz 

The  present-day  psychology  of  consonance  and  dissonance 
begins  practically  with  Helmholtz.  The  views  set  forth  in  his 
"Tonempfindungen,*'  while  by  no  means  new  at  every  point, 
represent  the  first  thorough-going  effort  to  embrace  all  the  facts 
under  a  consistent  theory.  So  tenaciously  has  this  theory  held  on 
that  in  spite  of  repeated  attacks  from  a  very  considerable  num- 

^  M.  Meyer,  Co"**"'huti'^"«5  ♦^  •:    "^  !v/»linir»iH'"^^    .""h«»'^»-y  '%f  Mu'^^*'     M'ssour 
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ber  of  critics,  such  as  Oettingen,  Mach,  Riemann,  Engel,  Melde, 
Lipps  and  Stumpf,  it  is  even  to-day  the  popularly  understood 
explanation  of  consonance  and  dissonance.  But  Stumpf  gave  it, 
for  the  large  majority  of  theorists  at  least,  the  final  coup  de  grace 
in  the  first  chapter  of  his  "Konsonanz  und  Dissonanz."'^  Suffice 
it  here  to  give  a  brief  statement  of  Helmholtz's  position,  and  a 
summary  of  the  objections  which  have  seemed  to  make  necessary 
its  abandonment. 

The  psychological  principles  invoked  by  Helmholtz,®  in  ex- 
plaining the  difference  between  consonance  and  dissonance,  were 
two:  similarity  and  sensory  roughness.  Consonances  are  char- 
acterized positively  by  the  similarity  of  two  tones  due  to  their 
possession  of  identical  overtones,  and  negatively  by  the  absence 
of  perceptible  beats.  Dissonances  are  characterized  positively  by 
their  rough  sensory  quality  due  to  the  beating  overtones  of  the 
two  clangs,  and  negatively  by  a  dissimilarity  due  to  the  lack  of 
identical  overtones.  This  theory  has  the  great  advantage  of  sim- 
plicity in  that  it  finds  its  criteria  in  fairly  obvious  characteristics 
of  the  sensations  themselves,  and  not  in  some  more  obscure  proc- 
esses supposed  to  be  aroused  by  the  sensations.  But  its  critics 
have  raised  well-nigh  unanswerable  objections  at  every  point.® 
To  the  statement  that  dissonance  is  due  to  beating  overtones,  it 
is  answered : 

1.  That  dissonance  can  be  produced  without  beats,  as  when  two 
simple  tones  of  700  and  1000  vibrations  are  sounded  together. 
Here  there  are  no  overtones,  and  the  fundamentals  give  300 
beats,  which  is  above  the  Helmholtzian  limit  of  perceptibility, 
i.e.,  132.  By  putting  together  a  number  of  such  intervals,  it  is 
possible  to  form  chords  as  free  of  beats  as  the  most  consonant 
chord  in  music,  and  yet  more  dissonant  than  the  most  extreme 
discord.  ^^ 

2.  That  dissonance  continues  to  be  perceived  as  such  when  two 
tuning  forks  are  placed,  one  at  one  ear  another  at  the  other, 

^Akustik  und  Musik,  I,  1-19. 

•  Sensations  of  Tone,  182-228. 

•  Stumpf,  Musik  und  Akustik,  I,  i-tq. 
*'  ^tumpf,  op.  cit.,  7,  8. 
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and  both  sounded  too  weakly  for  beats  to  be  produced.  The 
same  is  true  of  the  cases  of  double  hearing,  where  one  ear  hears 
a  tone  slightly  higher  than  the  other.  Beats  are  out  of  the 
question  here,  but  the  dissonance  is  sometimes  most  painful. 

3.  That  the  greater  awareness  of  beats  in  the  lower  region  of 
the  scale  should  mean  a  change  in  consonance  corresponding 
to  pitch  changes.    Such  is  not  the  case. 

4.  That  the  consonance  of  an  interval  might  be  expected  to 
vary  according  to  the  timbre  of  the  instrument,  since  different 
timbres  mean  different  overtone  relations.  But  this  again  is 
demonstrably  not  the  case. 

5.  That  in  experiments  on  mistuning  intervals  made  by  pure 
tones,  it  has  been  found  that  a  variation  of  four  vibrations  could 
be  detected.  This  could  not  conceivably  be  true  if  judgments  of 
purity  were  made  possible  only  by  characteristic  overtone  effects. 

To  the  proposition  that  consonance  is  determined  by  the  simi- 
larity between  the  two  clangs,  due  to  their  possession  of  identical 
overtones,  the  answer  is  made  that  this  cannot  apply  to  simul- 
taneous clangs,  because  the  only  possible  effect  of  two  identical 
overtones  in  such  a  case  is  that  of  mutual  reenforcement.^^*  ^^ 
When  the  same  overtone  occurs  in  two  clangs,  sounded  simul- 
taneously, what  will  appear  to  the  ear  is  simply  one  relatively 
loud  overtone  in  the  total  sound  complex.  The  Helmholtz 
theory,  accordingly,  makes  it  necessary  to  limit  the  explanation 
of  consonance  to  successive  notes ;  in  short,  it  involves  a  transfer 
of  the  meaning  of  consonance,  making  it  identical  with  melodic 
relationship.  Meyer,  who  has  given  more  attention  to  melody 
than  any  other  experimenter,  makes  a  sharp  distinction  between 
melodic  relationship,  which  has  to  do  only  with  successive  tones, 
and  consonance,  which  has  to  do  only  with  simultaneous  tones.  ^* 
He  shows  in  detail,  for  example,  how  Wagner's  interest  in  a 
variety  of  melodic  relationships  was  often  at  variance  with  the 
usual  requirements  of  consonance.     Melody  is  clearly  seen  to  be 

"  Stump  f,  op.  cit.,  15-19. 

**Krueger,  Differenztone  und  Konsonanz,  Archiv  fur  '^'e  Ges.   Psydi.  I,. 
214-216. 
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one  kind  of  ultimate  relation,  consonance  another,  and  the  one  is 
not  to  be  explained  by  the  other. 

Thus  neither  the  identity  of  overtones  nor  the  roughness  of 
beats  between  overtones  prove  to  be  adequate  criteria  of  con- 
sonance, and  with  their  failure  the  Helmholtz  theory  falls  to 
the  ground,  leaving  the  problem  to  be  solved  by  his  critics. 

Lipps 

Lipps,  whom  we  may  mention  next  after  Helmholtz,  sets  out 
from  a  single  principle.  ^^  Consonance,  according  to  his  theory, 
rests  on  the  rhythmic  accord  of  unconscious  excitations.  Stated 
more  in  detail,  his  explanation  is  as  follows.  Each  single  physical 
vibration  causes  a  separate  imconscious  process  which  Lipps 
describes  as  micro-psychic.  This  micro-psychic  process  is  the 
imaginary  middle  term  between  the  physical  stimulus  and  the 
conscious  effect.  There  is  a  one  to  one  correspondence  between 
the  physical  stimuli  and  the  micro-psychic  processes,  but  any 
number  of  the  latter  may  fuse  into  an  uniform  conscious  ex- 
perience. Given  two  tones  of  200  and  100  vibrations  respectively, 
we  obtain  two  series  of  unconscious  experiences,  one  of  200  sep- 
arate excitations,  the  other  of  100.  Now  since  2:1  is  a  simple 
rhythmic  form,  we  have  a  micro-rhythmic  experience  of  a  simple 
and  therefore  pleasant  sort,  fusing  into  the  conscious  effect 
of  the  octave  consonance.  If  micro-psychic  processes  are  excited 
in  such  a  way  that  every  third  member  of  one  series  corresponds 
with  every  second  of  the  other,  we  get  a  less  simple  micro- 
rhythm  and  a  less  consonant  effect  in  consciousness, — the  fifth. 
Beyond  a  certain  point  of  complexity  the  rhythm  appears  in 
consciousness  as  the  characteristically  unpleasant  effect  of 
dissonance. 

It  is  obvious  at  once  that  the  "psychic"  effects  with  which 
Lipps  deals  are  not  given  in  any  state  of  awareness,  but  must  be 
deduced  from  the  conscious  effects  they  are  intended  to  explain. 
This  is  an  instance  of  the  "explanation"  of  the  conscious  by 
the  subconscious,  an  explanation  which,  as  Professor  Mun- 
sterberg  has   shown,   amounts   to   nothing  more   than   an   ac- 

**G«-undtatsa'**"'»n  des  Seel'»"i'»^'*«i«.  Ch.  XI. 
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ceptance  of  the  problem  itself  as  its  own  solution.^'*  ^®  Such  a 
method  of  procedure  is  so  far  removed  from  laboratory  experi- 
ment that  it  seems  to  mark  a  retrogression  from  Helmholtz  back 
to  the  speculative  vagueness  of  his  predecessors,  and  for  this 
reason  it  has  met  with  rather  caustic  treatment  at  the  hands  of 
those  for  whom  psychology  ceases  to  be  scientific  when  it  ceases 
to  be  empirical.  As  psychologists  we  are  permitted  to  describe 
only  the  facts;  hence,  when  Lipps  goes  beyond  the  realm  of 
psychic  experience  to  one  of  unconscious,  unverifiable  facts,  his 
position  is  interpreted  as  a  capitulation  on  the  part  of  psychology. 
Meyer,  for  example,  speaks  of  the  Lippsian  law  of  tone  relation- 
ship as  "linguistically  derived"  from  a  "pseudo-experience  of 
micro-rhythm."^*^ 

More  specific  are  the  criticisms  of  Stumpf  and  Krueger,  who 
meet  Lipps  on  his  own  ground  with  a  view  to  proving  his  deduc- 
tions at  fault.  As  against  the  Lippsian  assumption  that  the  tone 
sensation  c',  corresponding  to  256  vibrations,  is  due  to  the  fusion 
of  256  separate  unconscious  waves,  Krueger  points  out^®  that 
the  stopping  of  a  number  of  holes  in  a  siren  does  not  alter  its 
characteristic  quality  of  tone;  in  other  words,  that  irregular 
interruptions  of  the  physical  succession  of  vibrations  are  with- 
out effect  on  the  singleness  of  quality  of  the  tone  as  consciously 
experienced.  And  even  granting  the  reality  of  unconscious 
rhythm,  it  may  be  urged  that  the  5 : 6  ratio  of  the  minor  third 
and  the  5 : 8  of  the  minor  sixth  make  very  good  consonance,  but 
very  bad  rhythm  as  we  ordinarily  think  of  the  latter.  More 
difficult  still  is  the  situation  when  we  pass  from  intervals  to 
chords.^®  The  4:5:6  ratio  of  the  major  triad,  considered  as 
rhythm,  would  be  so  confused  that  it  might  as  well  be  7:8:9. 
And  there  is  the  further  objection,  stressed  by  Stumpf ^^  that 


"H.  Munsterberg,  Psychotherapy,  Ch.  VI. 
H.  Miinsterberg,  in  Subcoiiscious  Phenomena,  I. 

M.  Meyer,  Unscientific  Methods  in  Musical  Esthetics,  Journal  of  Philos , 
Psych,  and  Scientific  Methods,  1904,  I,  707-715. 

"Kreuger,    Differenztone    und    Konsonanz    I,    218,    Archiv    fur    die    Ges. 
Psych.  I. 

"Krueger,  op.  cit.,  220. 

*  Stumpf,  Konsonanz  und  Dissonanz,  28  ff. 
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no  matter  how  simple  the  tonal  ratio,  yet,  owing  to  differences 
of  phase,  we  hardly  ever  have  physical  coincidence  of  vibrations. 
These  differences  of  phase  are  without  effect  on  the  conso- 
nance of  the  interval,  but  they  would  completely  alter  the  char- 
acter of  the  rhythm. 

In  order  to  meet  such  objections  Lipps,  after  having  assumed 
a  whole  realm  of  unconscious  micro-rhythms,  is  obliged  to  as- 
sume further  that  there  are  possibilities  in  it  which  do  not  exist 
in  the  realm  of  conscious  rhythm.^^  By  the  time  micro-rhythm 
has  been  specially  adjusted  to  meet  all  these  requirements  it 
remains  with  little  more  psychological  significance  than  Euler's 
"unconscious  recognition  of  number  relations"  proposed  nearly 
two  centuries  ago. 

Krueger 

The  theory  of  Krueger,  which  we  may  next  consider,  although 
in  point  of  time  it  actually  followed  that  of  Stumpf,  is  a  return 
to  the  more  scientific  method  of  Helmholtz,  in  that  he  attempts 
to  refer  consonance  and  dissonance  to  simple  psychic  facts  veri- 
fiable by  experiments^  But  whereas  Helmholtz  emphasized 
largely  the  effects  of  overtones,  Krueger  attaches  the  greatest 
importance  to  difference  tones.^^  He  sets  out  with  the  general 
statement,  deduced  from  his  experiments,  that  the  five  difference 
tones  of  two  simultaneous  tones  are  to  be  calculated  by  always, 
subtracting  the  two  remaining  smallest  vibration  numbers.^* 
Thus  for  the  ratio  i :  2  the  only  possible  difference  tone  would 
be  I,  which  would  coincide  with  the  lower  generator;  for  the 
ratio  4:  5  the  difference  tones  would  be  i,  3,  2,  i,  i,  of  which 
three  fall  together.  An  examination  of  each  particular  case  of 
consonance  and  dissonance  shows  that  not  only  do  all  the  dis- 
sonant intervals  contain  difference  tones  which  beat,  but  each 
one  contains,  as  a  result  of  the  closeness  of  its  difference  tones, 
at  least  one  mistuned  unison, — that  is,  two  tones  lying  so  near 

"  Tonverwandtschaft  und  Tonverschmelzung,  Zeitsch.  fur  Psych.  XIX,  1-40.. 
"  Differenztone  und  Konsonanz,  Archiv  f iir  die  Ges.  Psych.  I,  254  f 
"  Krueger,  op.  cit.  255  ^   ind  TT^  t  jio 
*•  0->.  cit.  ^.  >7o 
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together  that  they  cannot  be  distinguished  as  two,  but  give  an 
intermediate  tone  of  a  peculiar  blurred  character.^'^  Consonances, 
on  the  other  hand,  are  without  exception  free  from  difference 
tone  beats,  and  contain  only  pure  unisons,  since  the  difference 
tones  either  fall  exactly  together  or  at  least  the  distance  of  a 
third  apart.  The  psychic  effect  of  this  physical  difference  is  the 
clarity  of  the  consonances  as  contrasted  with  the  blurred  and 
heterogeneous  quality  of  the  dissonances.  A  further  significant 
physical  difference  is  that  the  number  of  separate  difference  tones 
in  the  consonance  is  comparatively  small,  because  of  the  five  at 
least  two  fall  together.  On  this  account  the  consonances  approxi- 
mate the  effect  of  unison  more  nearly  than  the  dissonances.^® 
Since  the  unison  is  the  earliest  and  most  familiar  tonal  experi- 
ence of  the  ear,  an  approximation  to  this  appears  as  the  psychic 
effect  of  familiarity,  an  effect  which  is  enhanced  by  the  fact 
that  the  consonance  itself  is  more  frequently  heard  than  the 
dissonance,  and  is  therefore  more  familiar  on  its  own  account.^*^ 
Taken  together,  all  the  characteristic  relations  of  difference 
tones  to  consonant  and  dissonant  intervals  bring  it  about  that 
the  consonances  are  relatively  clear,  simple,  and  familiar;  the 
dissonances  are  blurred,  complex  and  strange. 

This  theory  has  found  an  uncompromising  critic  in  Stumpf. 
The  position  taken  by  him  in  his  first  article,  entitled  "Differenz- 
Tone  und  Konsonanz,"^®  is  one  from  which  he  has  receded  but 
little  in  all  the  controversy  which  has  followed.  ^®*  ^^  He  begins 
by  raising  the  question  of  fact  as  to  the  relation  of  difference 
tones  stated  by  Krueger.  Passing  that  by,  he  argues  that  even  if 
Krueger's  findings  be  admitted,  they  still  fail  to  provide  an  ade- 
quate criterion  of  consonance  and  dissonance  as  we  distinguish 
them  in  musical  experience.  Krueger 's  physic^'  "-est  of  a  perfect 
consonance  is,  as  we  have  seen,  t>ii    -hs#*n»-      '"  b^a*-*^  and'  of 

"Op.  cit.,  II,  15. 
"  Op.  cit.,  II,  38. 

"  Op.  cit.,  II,  42. 

"Stumpf,  Zeitschrift  fiir  Psych.  1905,      ii.  10    '<^9-'»»<- 

"Krueg**--  Psych.  Studien,  I,  II   ''^  V 
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intermediate  tones  among  its  difference  tones.  But  Stumpf*^ 
calls  attention  to  the  fact  that  the  interval  8 :  1 1 ,  an  extreme 
dissonance,  gives  the  difference  tones  3,  5,  2,  i,  i.  The  smallest 
interval  here  is  a  fifth,  hence  there  can  be  no  difference  tone 
beats  or  intermediate  tones.  It  should  therefore  be  a  perfect 
consonance!  Stumpf^^  cites  a  large  number  of  more  or  less 
dissonant  intervals,  such  as  11 :  15,  13:  18,  12:  17,  7:  10,  in  all 
of  which  the  smallest  difference  tone  interval  is  a  major  third. 
All  should,  therefore  be  consonances,  but  not  one  of  them  is  heard 
as  such.  He  shows  further  the  possibility  of  constructing  triads 
which  contain  no  difference  tone  beats,  but  yet  are  dissonant  in 
every  interval.  Such,  for  example,  3:7:10;  7:10:17; 
10: 17:  27.  And,  lastly,  it  is  possible  to  rule  out  difference  tones 
altogether  by  sounding  two  tuning  forks  very  softly  one  in  one 
ear,  the  other  in  the  other,  but  this  makes  absolutely  no  difference 
as  to  the  consonance  of  the  interval.^^ 

Not  only  does  the  elimination  of  the  effects  described  by 
Krueger  fail  to  alter  the  characteristic  quality  of  a  dissonance,  but 
the  artificial  production  of  corresponding  effects  in  a  consonance 
does  not  alter  its  consonance.  Stumpf  points  out  that  if  we  play 
the  triad  c-e-g,  and  play  in  addition  to  it  low  beating  tones  in 
the  base,  the  triad  keeps  its  characteristic  quality.^*  The  prop- 
perties  of  the  lower  part  of  the  tone  complex  do  not  go  over 
into  those  of  the  upper  part.  Exactly  the  same  is  true  of  the 
colliding  overtones  on  a  piano,  which  do  not  make  a  given  triad 
less  consonant.  In  short,  the  criteria  of  consonance  must  be 
peculiar  to  the  tones  as  such,  and  not  due  to  any  external  feature 
superadded  to  them. 

Stumpf 

There  remains  Stumpf 's  own  theory,  which  at  present  enjoys  a 
wider  recognition  than  any  other.  As  against  Lipps,  he  maintains 
that  the  criterion  of  consonance  must  be  sought  in  conscious 

■*  Stumpf,  Differenz-Tone  und  Konsonanz,  Zeitsch.  f.  Psych.  39,  273. 

"Op.  cit.,  273. 

"  Op.  cit.,  274  ff . 
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experience ;  as  against  Helmholtz  and  Krueger,  that  it  must  be  a 
quality  inherent  in  the  tones  themselves.  After  eliminating  all 
other  possible  psychical  conditions,  he  concludes  that  the  ulti- 
mate psychological  factor  is  to  be  found  in  the  fusion  of  simul- 
taneous tones ;  that  is,  in  the  relation  of  two  sensory  contents  by 
which  they  form  not  a  mere  sum  but  a  unit.^''  ^®  The  general 
law  is,  briefly,  the  greater  the  fusion  the  more  perfect  the 
consonance. 

Fusion,  according  to  Stumpf ,  is  something  quite  distinct  from 
unanalysability.  In  fact,  the  fusion  of  a  given  interval  is  dis- 
tinctly present  as  such  to  consciousness  only  after  analysis  has 
taken  place.  It  is  the  qualitative  unity  that  persists  in  a  chord 
after  its  real  unity,  i.e.,  its  indistinguishability,  has  given  way  to 
an  awareness  of  separate  intervals.®^  This  residual  qualitative 
unity,  says  Stumpf,  is  an  original  relation,  just  as  a  sensation  of 
color,  only  to  be  learned  by  examples,  and  not  to  be  referred  to 
anything  more  ultimate  psychologically. 

The  validity  of  Stumpf's  psychological  position  depends,  as 
Krueger  has  shown,®®  in  a  large  measure  on  his  ability  to  main- 
tain clearly  the  difficult  distinction  between  the  unity  which  dis- 
appears with  analysis  and  the  unity  which  remains  after  analysis. 
Here  is  a  difficulty  of  which  he  has  acquitted  himself  only  imper- 
fectly, and  sometimes  not  at  all.  His  experimental  demonstra- 
tion of  the  various  fusion  degrees  is  made  according  to  difficulty 
of  analysis. ®®'  *^  Stumpf  justifies  this  by  saying  that,  other 
things  being  equal,  a  low  degree  of  fusion  will  actually  mean 
greater  ease  of  analysis.  His  tests  were  made  with  unmusical 
persons  whose  powers  of  analysis  would  naturally  be  compara- 
tively low.  He  found  that  the  likelihood  of  their  judging  an 
interval  to  be  a  single  note  was  greatest  in  the  case  of  an  r^tave ; 
next    in    order    came    the    fifth     Viir+>i     third*;      ^lYfh*     ^"H 


•  Tonpsychologie,  II,  127  ff. 

"Konsonanz  und  Dissonanz,  Akustik  «».^  i.xi  .1^ 

**  Konsonanz  und  Dissonanz,  43  ff. 

"Archiv  fiir  die  Ges.  Psyc^    ^   o'^6  TVflfpren^tr. '/tiswiianz. 
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sevenths.*^'  *^  He  argues  that  the  particular  difBculty  of  analysis 
experienced  in  these  cases  cannot  be  due  to  beats  or  overtones, 
since  the  results  are  the  same  when  pure  tones  are  used;  it  can- 
not be  due  to  absolute  distance,  since  the  largest  of  the  intervals, 
the  octave,  presents  the  greatest  difficulty;  it  cannot  be  due  to 
feeling  value,  since  the  greatest  feeling  accompanies  hearing 
the  thirds  and  sixths  which  lie  in  the  middle  of  the  series;  and 
it  cannot  be  due  to  practice,  since  the  persons  are  unpracticed 
in  music.  Therefore,  it  must  be  the  qualitative  unity,  or  fusion,, 
that  makes  distinguishability  less  in  the  case  of  the  octave  and 
more  in  the  case  of  the  seventh. 

Manifestly  Stumpf  does  not  get  beyond  unanalysability  as  the 
experimental  fact.  Fusion,  which  is  assumed  to  be  distinct 
from  difficulty  of  analysis,  is  after  all  arrived  at  only  by  a 
process  of  eliminating  other  possible  factors  in  a  given  case  of 
difficult  analysis.  The  Stumpfian  dilemma,  as  his  critics  see  it, 
is  that  whenever  he  sharply  separates  fusion  from  difficulty  of 
analysis,  what  remains  is  not  a  clearly  understood  psychological 
principle,  but  only  a  new  name  for  the  different  degrees  of 
harmony.^^  Nevertheless,  in  spite  of  considerable  disagreement 
among  various  authors  as  to  the  exact  meaning  of  tonal  fusion, 
it  is  quite  generally  agreed  that  Stumpf  has  pointed  the  way  to 
proper  treatment  of  the  problem. 

It  is  not  the  purpose  of  this  discussion  to  argue  specifically 
for  or  against  any  of  the  consonance  theories  just  mentioned. 
They  all  have  their  spokesmen  who  are  contributing  abundantly 
to  the  controversial  literature  of  psychology.  My  own  contention 
will  be  that  all  of  them  have,  by  giving  too  slight  attention  to  the 
genetic  aspect  of  the  problem,  left  an  inadequate  account  of  cer- 
tain facts  which  sooner  or  later  must  be  explained.  A  complete 
theoretical  account  of  consonance  will  have  to  reconcile  the  sharp 
sensory  distinction  between  a  consonant  and  a  dissonant  quality 
with  the  fact  that  the  dividing  line  between  consonance  and  dis- 
sonance has  shifted  in  the  last  thousand  years. 

**  Tonpsychologie  II,  145-179. 
^'Konsonanz  und  Dissonanz,  36,  37 
**^nieF"»'-   Op.   nt    II.  '>-»«;-  236, 
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If  we  examine  Krueger's  theory  in  this  connection  we  see  that 
he  provides  adequately  for  a  fundamental  breach  between  con- 
sonance and  dissonance,  but  it  is  something  given  once  for  all. 
If  all  consonances  are  free  from  difference  tone  beats,  while  all 
dissonances  contain  them,  we  have  indeed  the  basis  for  a  sharp 
qualitative  distinction,  but  it  is  one  which  would  seem  to  preclude 
the  possibility  of  change.  Krueger  does,  to  be  sure,  mention  the 
fact  that  our  more  frequent  hearing  of  an  interval  makes  it  more 
familiar,^^  but  this  is  merely  incidental  to  the  fundamental  cri- 
terion above  mentioned. 

Stumpf  has  had  much  to  say  about  the  genesis  of  music,*''  *® 
but  concerning  the  genesis  of  consonance  his  position  is  not 
unambiguous.  In  his  Tonpsychologie,  II,  208  ff.,  he  takes 
up  the  question  whether  frequent  combination  is  the  cause  of 
fusion.  This  question  he  answers  in  the  negative  as  far  as 
the  possibility  of  psychic  combination  is  concerned.  But  what  is 
denied  as  a  psychic  possibility  is,  a  few  pages  later,  affirmed  as 
a  physiological  possibility.*''^  The  physiological  basis  of  fusion, 
he  says,*®  is  the  specific  synergy  of  the  cortex,  that  is,  "a  deter- 
minate mode  of  cooperation  of  two  nervous  structures,  having 
its  ground  in  the  structure  of  the  brain,  of  such  a  kind  that  when- 
ever the  two  structures  give  rise  to  their  corresponding  sensa- 
tions there  arises  at  the  same  time  a  determinate  degree  of 
fusion  of  these  sensations."  And  on  page  215  he  makes  the 
suggestion  that  "the  mechanism  of  synergy,  connate  with  the 
individual,  may  have  been  acquired  in  the  course  of  generations, 
and  perhaps  the  influences  under  which  it  took  shape  may  have 
been  in  part  mental  influences.  Impressions  that  aflfect  the  sense 
organ,  together  with  relative  frequency,  might  gradually  set  up  a 
disposition  to  conscious  fusion."  He  even  goes  further  and  ven- 
tures a  few  "vague  conjectures,"  to  use  his  language,  as  to  how 
some  of  the  early  intervals  were  established.     At  this  time  he 

**  Op.  cit.,  II,  42. 

*•  Stumpf,  Geschichte  des   Consonanzbegriffes ;   Abhandlungen   der   Baycr- 
ischcn  Akad.  der  Wissenschaften,  Vol.  XXI,  tqoi. 
*•  Stumpf,  EHe  Anfange  der  Musik. 
*' Tonpsyxrhologie,  II,  211,  ff. 
*■  Ibid.,  214. 
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evidently  admitted  the  probability  that  the  fusion  grades  had  been 
partly  developed  since  the  advent  of  the  human  race.  He  has, 
however,  since  modified  this  position,  and  in  Die  Anfdnge  der 
Musik,  page  84,  he  makes  the  following  statement:  "In  der 
Tonpsychologie  legte  ich  die  Meinung  zugrunde,  dasz  in  den 
Uranfangen  des  Menschengeschlechts  die  Verschmelzungsunter- 
schiede  doch  noch  nicht  vollstandig  ausgebildet  gewesen  seien, 
was  ich  jetzt  nicht  mehr  fur  wahrscheinlich  halte.  Die  Unter- 
suchung  der  Sinnesempfindungen  bei  den  heutigen  Naturvolkem 
hat  immer  mehr  gezeigt,  dasz  wesentliche  Unterschiede  gegen- 
iiber  den  unsrigen  nicht  vorhanden  sind."  And  in  the  same  book, 
page  2y,  he  says  of  the  original  character  of  the  fusion  grades : 
"Diese  Einheitlichkeit  des  Zusammenklanges  ist  .  .  .  nicht  eine 
Folge  der  musikalischen  Entwickelung,  sondem  eine  durch  die 
Natur  der  Tone  oder  der  ihnen  zugrundeliegenden  Gehirnprozesse 
notwendig  bedingte  Erscheinung."  He  proceeds  here  to  suggest 
the  probability  that  the  octave  is  as  consonant  for  animals  as  for 
us,  the  only  difference  being  that  they  do  not  attend  to  its  con- 
sonance relation  as  such.  Two  more  statements  will  serve  to  make 
clear  his  present  position  as  regards  the  evolution  of  consonance. 
In  Aktistik  und  Musik,  Vol.  I,  p.  32,  we  read :  "Es  scheint  eine 
Verschiebung  des  Lustgefiihls  von  der  vollkommensten  Kon- 
sonanz  gegen  die  unvollkommen  hin  stattzufinden,  aber  eine  Ver- 
schiebung der  Konsonanzverhaltnisse  selbst  findet  nicht  statt." 
And,  lastly,  in  his  article  entitled  Konsonanz  und  Konkordanz,^^ 
"Konsonanz  und  Dissonanz  sind  nur  graduell  verschieden,  imd  es 
kann  der  Grenzstrich  an  verschiedenen  Punkten  der  Reihe  geleg^ 
werden,  wie  er  denn  tatsachlich  von  den  alten  schon  nach  der 
Quarte  gezogen  wurde,  wahrend  wir  ihn  nach  der  Terzen  und  Sex- 
tengruppen  setzen  und  spatere  Musiksysteme  ihn  vielleicht  nach 
den  Siebemen  setzen  werden."  Taken  together,  the  above  state- 
ments indicate  that  the  genetic  problem  of  consonance  that  now 
exists  for  Stumpf  is  limited  to  the  changing  feeling  attitudes 
toward  the  various  intervals.  The  change  of  an  interval  from 
dissonance  to  consonance  signifies  for  him  nothing  more  than  our 
growth  in  power  to  conceive  an  interval  differently  in  a  developing 

•Zeitschnft  fiir  Psychologic,  Vol.  ^8  ?.  34^ 
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system  of  harmony.  As  to  the  actual  degree  of  consonance  or 
fusion  of  a  given  interval,  that  is  something  which  has  not 
changed  since  the  beginning  of  the  race.  Such  change  as  took 
place  before  then  is  to  be  accoimted  for  in  purely  physiological 
terms;  the  influence  of  external  stimuli  is  apparently  of  little 
account. 

This  negative  attitude  of  Stumpf  on  the  genesis  of  consonance 
seems  to  have  been  generally  accepted  without  protest.  The  only 
article  I  have  been  able  to  find  in  which  the  opposite  position  is 
definitely  stated  is  that  of  Professor  R.  M.  Ogden.*^®  He  admits 
that  Stumpf's  arguments  against  the  possibility  of  "inseparable 
associations"'*  are  irrefutable,  provided  we  regard  the  phe- 
nomena of  consonance  to  be  the  result  of  an  individual's  tonal 
experience  during  his  own  lifetime,  but  thinks  that  "we  have 
every  reason  for  supposing  that  congenital  associations  result 
from  racial  experience  of  a  definite  and  oft  recurring  sort,  to 
produce  instinctive  modes  of  adjustment  and  attendant  com- 
plexes of  experience  which  are  fundamentally  unified."  The 
last  statement  is  in  full  agreement  with  the  position  to  be  defended 
here,  but  I  disagree  as  to  the  irrefutability  of  Stumpf 's  arguments 
against  the  formation  by  the  individual  of  "inseparable 
associations." 

In  the  first  place,  a  consonance,  conceived  as  an  association, 
does  not  possess  the  degree  of  inseparability  which  Stumpf  as- 
sumed to  be  necessary  in  his  Tonpsychologie.  The  interval 
c-a^  is  quite  consonant  so  long  as  we  imagine  ourselves  in  the 
key  of  A  flat.  But  imagine  the  same  interval  to  be  c-g  \  and 
it  at  once  takes  on  a  character  of  decided  dissonance.  Stumpf 
has  given  what  seems  to  be  the  proper  explanation  of  this  fact  f^ 
to  be  sure,  not  the  same  explanation  which  he  had  given  pre- 
viously in  Akustik  und  Musik,^^  but  this  point  does  not  concern 
us  here.  The  important  fact  is  that  if  we  conceive  the  imperfectly 
consonant  minor  sixth  as  an  association,  it  is  an  association  easily 

"R.  M.  Ogden,  A  Contribution  to  the  Theory  of  Tonal  G)nsonance,  in 
Psych.  Bull.  VI,  297-303. 
"Ibid.,  299. 

"Konsonanz  und  Konkordanz,  334,  335. 
"  Akustik  und  Musik,  Vol.  I,  104  ff. 
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altered  according  to  the  musical  context.  In  fact,  musical  dis- 
orientation easily  affects  our  whole  system  of  tonal  relations  if 
we  are  introduced  for  a  time  into  a  realm  of  amusical  tone-steps. 
The  usual  acoustical  perspective  can  by  such  a  process  be  so 
altered  that  even  the  octave  may  appear  equal  to  the  higher  fifth.*^* 
But  waiving  the  question  as  to  how  inseparable  is  the  fusion 
of  a  consonant  interval  we  may  recall  that  certain  observed  facts, 
notably  those  of  synaesthesia,  favor  strongly  the  view  that  rela- 
tively inseparable  associations  can,  under  certain  conditions,  be 
formed  by  an  individual,  especially  during  childhood.  C.  S. 
Myers*^*^  points  out  that  in  all  his  cases  of  colored  audition  it  is 
the  individual  experience  which  seems  to  determine  just  what 
particular  color  will  be  associated  with  a  given  tone.  A  tone 
that  is  "seen"  by  one  subject  as  green,  appears  to  another  as 
blue,  and  to  another  as  yellow.  "Two  members  of  the  same 
family,  both  endowed  with  synaesthesia,  will  hotly  dispute  the 
colors  of  certain  words  or  vowels."  Myers  sees  no  possible  expla- 
nation of  these  individual  variations  otherwise  than  as  accidental 
personal  associations.  That  this  sort  of  association  may  be 
formed  relatively  late  is  indicated  by  the  fact  one  subject  reported 
on  by  Myers*^®  acquired,  by  playing  with  figures  at  the  age  of 
twelve,  the  rather  troublesome  habit  of  seeing  with  every  letter  of 
the  alphabet  its  individual  number.  This  association,  acquired  at 
random,  has  persisted  for  eighteen  years,  although  it  is  not 
invariably  present.  Myers  thinks  that  the  general  setting  in  which 
such  connections  are  found  must  be  a  strong  tendency  to  a 
certain  kind  of  association, — "a  'sympathy,'  the  psychological 
and  physiological  basis  of  which  is  unknown  to  us."  It  seems 
to  me  that  in  any  consonance  theory  some  such  'sympathy'  as  this 
must  be  assumed  as  the  basis  of  the  greater  affinity  of  the  simpler 
related  tones,  but  this  does  not  prejudice  the  possibility  that  the 
actual  realization  of  definite  fusion  developments  may  take  place 
during  the  lifetime  of  an  individual.     Certainly  the  cases  of 

■*L.  E.  Emerson,  The  Feeling  Value  of  Unmusical  Intervals,  Harvard 
Psych.  Studies,  II,  269,  270. 

"C.  S.  Myers,  A.  Case  of  Synaesthesia,  Brit.  Journ.  Psych.  191 1,  IV, 
228-238. 

"Ibid.,  2^ 
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Myers  leave  little  doubt  that  synaesthesia,  at  least,  though  in 
general  a  congenital  endowment,  may  in  its  particular  mani- 
festations be  the  result  of  the  individual's  life  experience.  To  be 
sure,  the  "associations"  in  these  are  sensory  rather  than  ideational. 
But  exactly  the  same  is  to  be  said  of  that  peculiar  association  of 
two  tones  which  causes  them  to  be  heard  as  relatively  unified. 

Stumpf  argues'''  that  if  mere  being  in  consciousness  innumer- 
able times  necessarily  involved  fusion,  the  person  who  heard 
music  frequently  should  be  less  capable  of  differentiating  the  two 
notes  of  an  octave  than  one  who  heard  music  seldom.  But 
"fusion,"  according  to  his  own  definition,  is  something  distinct 
from  analysability ;  it  is  a  qualitative  unity  that  persists  unaltered 
even  after  the  ear  has  discriminated  the  two  elements  involved.  If 
Stumpf  maintained  his  own  definition  with  strict  consistency  he 
would  have  to  admit  that  the  very  practice  which  improves  the 
musician's  ear  in  discriminating  the  two  component  tones  of  an 
interval  may  be  at  the  same  time  fusing  the  same  two  tones  into 
a  more  perfect  qualitative  unity.  It  is  only  his  failure  to  make 
clear  the  psychological  difference  between  the  two  kinds  of  unity 
— the  numerical  "Einsheit"  which  disappears  with  analysis,  and 
the  qualitative  "Einheit"  which  remains  after  analysis — ^that  en- 
ables him  to  argue,  now  as  if  fusion  were  identical  with  difficulty 
of  analysis,  now  as  if  it  were  something  altogether  distinct. 

The  view  to  be  maintained  by  the  writer,  that  a  tonal  fusion 
means  simply  a  highly  permanent  connection  wrought  under  the 
direct  influence  of  repeated  sensory  co-incidences,  is  rejected  by 
Stumpf  largely  on  "a  priori"  grounds;  there  is  no  record  that 
this  possibility  was  ever  put  by  him  to  experimental  test.  The 
experiments  to  be  reported  in  this  paper  were  devised  with  the 
view  to  examining  the  characteristic  changes  effected  by  the 
frequent  or  prolonged  hearing  of  certain  intervals,  it  being  my 
hope  that  an  interpretation  of  these  changes  might  throw  light 
on  the  possibility  of  fusion  changes  denied  by  Stumpf.  But  be- 
fore passing  to  the  experim^nt;>l  resi^  «*  T  shall  sta^e  my  own  theo- 
retical position  more  ^^Ah 


CHAPTER  III 

A  Genetic  Theory 

I  shall  begin  with  an  hypothetical  account  of  the  genesis  of 
consonance,  the  theoretical  soundness  of  which  will  be  tenta- 
tively assumed.  After  an  examination  of  the  historical  and 
experimental  facts  to  which  it  offers  an  explanation,  I  shall  return 
to  a  discussion  of  theoretical  points  in  detail.  The  tentative 
hypotheses  with  which  we  shall  begin  are : 

(i)  Consonance  and  dissonance  have  to  do  directly  with  the 
degree  to  which  an  individual  is  able  to  synthesize-^  two  tonal 
elements  into  a  unified  complex;  this  synthesis  is  unaffected  by 
analysis,  and  the  individual's  ability  to  analyse  is  unaffected  by 
synthesis. 

(2)  Tonal  synthesis  may  be  conceived  as  an  undertaking, 
attended  by  success  or  failure  on  the  part  of  the  hearing  organ- 
ism. Success  is  experienced  as  the  characteristic  quality  of  con- 
sonance, failure  as  that  of  dissonance. 

(3)  The  inherent  feeling  value  of  a  particular  interval  is  a 
function  of  two  factors — success  and  degree  of  difficulty.  It  is 
the  barely  successful  synthesis,  in  which  the  individual  accom- 
plishes with  difficulty  the  unification  of  a  manifold,  that  he  finds 
the  keenest  pleasure.  If  the  synthesis  is  effected  without  effort 
he  has  little  awareness  of  his  accomplishment,  and  therefore 
little  pleasure.  If,  on  the  other  hand,  in  spite  of  his  synthesiz- 
ing activity,  he  is  baffled  by  the  complexity  of  the  manifold  to  be 
unified,  he  experiences  acute  displeasure. 

(4)  A  certain  initial  disposition  to  synthesis  is  pre-determined 
for  a  given  interval  by  the  simplicity  of  its  numerical  ratio. 
That  is  to  say,  we  must  pre-suppose  a  "sympathy''  such  as  that 
which  Myers  postulates  in  the  case  of  synaesthesia, — a  more  or 

A.  I  shall  use  the  expression  "synthesis"  instead  of  "fusion'*  in  order  to 
avoid  the  ambiguity  which  has  come  to  attach  to  the  latter  term.  By 
"synthesis"  I  r«*nn  simply  '*  kind  of  '  isic  ♦^^t  is  w^^'^My  independent  of 
analyspJ^'lity 


20  HENRY   THOMAS  MOORE 

less  strong  tendency  to  association,  the  strength  of  the  tendency 
being  proportionate  to  the  simplicity  of  the  ratio. 

(5)  The  actual  degree  to  which  any  given  interval  realizes  its 
possibilities  of  synthesis  depends  upon  the  number  of  times  the 
interval  has  been  attentively  heard  by  an  individual  or  by  his 
ancestors.-^ 

(6)  Between  the  distinct  qualities  of  consonance  and  dis- 
sonance lies  an  intermediate  zone  of  neutrality  such  as,  for  the 
present-day  ear,  4 : 7  relation.  In  such  cases  neither  success  nor 
failure  of  synthesis  is  pronounced.  It  is  characteristic  of  this 
zone  that  change  due  to  frequency  of  hearing  is  more  marked 
than  for  either  the  decided  consonances  or  dissonances.  Also 
we  are  likely  to  find  the  greatest  individual  differences  in  judg- 
ment of  an  interval  when  it  has  reached  this  stage. 

Our  task  will  be  to  show  that  the  above  assumptions,  taken 
together,  are  the  ones  which  best  satisfy  the  facts.  Now  the 
facts  with  which  we  are  concerned  are  of  two  kinds,  those  de- 
rived from  the  actual  development  of  musical  feeling,  and  those 
derived  from  experiments  designed  to  test  the  conditions  of 
consonance.    We  may  examine  the  two  kinds  in  order. 

A.  The  addition  of  the  phrase  "or  by  his  ancestors'*  may  seem  to  imply  an 
anti-Weissman  point  of  view  on  the  question  of  acquired  characteristics.  I 
should  be  unwilling  to  admit,  in  the  present  state  of  that  controversy,  that 
such  an  implication  would  necessarily  invalidate  my  position,  but  I  do  think 
it  possible  to  account  for  the  transmission,  here  assumed,  as  a  purely  social 
one.  If  thirds  are  acquired  as  a  consonance  by  one  generation  they  will  be 
heard  so  much  the  more  by  the  next,  and  will  therefore  become  more  com- 
pletely consonant.  We  may  accordingly  interpret  the  degree  of  synthesis  of 
a  given  interval  either  in  Lamarckian  fashion,  as  being  in  part  a  congenital 
association  resulting  from  race  experience,  or,  in  accordance  with  Weissman- 
nian  principles,  as  resulting  entirely  from  an  individual  experience  which  has 
had  the  benefit  of  the  accumulations  of  the  race.  I  am  indebted  to  Professor 
B.  M.  Anderson  for  the  suggestion  that  such  accumulation  of  increments  of 
advance  as  is  here  involved  may  be  plausibly  assumed  in  any  society  where 
the  musical  profession  tends  to  run  in  families.  The  son,  on  account  of  his 
father's  tutoring,  reaches  at  an  earlier  age  the  point  attained  by  his  father, 
the  grandson  surpasses  the  son,  and  so  on. 


CHAPTER  IV 
Evidence  from  the  History  of  Music 

Historical  evidence  does  not  go  back  far  enough  to  either 
prove  or  disprove  the  statement  that  the  octave  was  originally 
a  dissonance.  To  be  sure,  we  have  what  at  first  might  be  taken 
as  evidence  to  the  contrary  in  the  findings  of  von  Hombostel 
and  others'®  to  the  effect  that  our  present-day  "primitive"  peo- 
ples of  Africa  and  Asia  make  abundant  use  of  parallel  octaves, 
and  in  a  large  number  of  cases,  even  of  fifths  and  fourths.  But 
it  hardly  needs  to  be  argued  that  the  conditions  here  are  far 
from  original.  Even  Stumpf,  who  makes  much  of  anthropo- 
logical evidence  as  proof  that  the  present-day  fusion  grades 
were  an  original  possession  of  the  race,  makes  the  following  ad- 
mission:'® **Wir  miissen  freilich  auch  schlieszen,  dasz  das 
meiste,  was  bei  den  Naturvolkern  an  Musik  beobachtet  wird, 
keineswegs  die  allerprimitivsten  Zustande  darstellt,  sondern 
mindestens  in  Hinsicht  .  .  .  des  ganzen  Aufbaues  doch  schon 
vielfach  eine  lange  Geschichte  hinter  sich  hat."  And  C.  S. 
Myers,®^  speaking  of  the  contamination  of  primitive  music,  ex- 
presses the  opinion  that  unpolluted  aboriginal  music  can  hardly 
be  found  nowadays  owing  to  the  almost  universal  influence  of 
the  trader  and  the  missionary.  He  says:  "We  have  evidence 
of  these  conditions  in  the  influence  of  Arabic  and  Portuguese 
tunes  introduced  into  Africa,  and  in  the  spread  of  favorite  native 
airs  throughout  North  America  and  throughout  Australia." 

If  we  examine  still  more  rudimentary  conditions  we  again 
find  that  such  evidence  as  is  obtainable  is  inconclusive.  Experi- 
ments have  been  made®^  to  see  whether  a  bird,  by  hearing  its 
melody  played  after  it  in  another  key,  could  be  induced  to  trans- 
pose.   No  variation  on  the  part  of  the  bird  could  be  noticed.    The 

"E.  M.  von  Hornbostel,  Zeitschrift  f.  Angew.     Psych.  Ill,  465-487. 

■•Die  Anfange  der  Musik,  48,  49. 

**The  Ethnological  Studv  of  Music,  iAnffiropoloK''*Tl  Essays. 

*  Anfa"?^"  '^e*'    '^"«ik,  i       '' 
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nearest  approach  to  transposition  is  a  case  reported  by  B.  Hoff- 
man. ^^  He  tells  of  a  woodpecker  who  began  by  singing  his 
song  between  c*  and  a^,  but  with  prolonged  singing  gradually 
flatted  until  he  was  singing  the  same  song  between  2?  P.  How- 
ever, as  Stumpf  remarks,®^  this  seems  to  be  due  to  a  mere  weak- 
ening of  muscular  contraction  rather  than  to  anything  like  a 
conscious  transposition.  There  is  so  far  not  a  shred  of  positive 
evidence  that  a  bird  has  any  conception  of  tone  relation  regardless 
of  a  particular  pitch.  Hence  we  may  hardly  suppose  that  an 
octave  could  be  felt  by  it  as  in  any  relation  to  its  fundamental- 
Such  a  lack,  of  course,  does  not  mean  that  the  two  notes  to- 
gether would  necessarily  give  a  combinational  quality  of  dis- 
sonance; we  must  rather  suppose  that  at  this  stage  everything 
except  the  particular  note  being  sung  is  a  meaningless  confusion. 
But  the  later  course  of  development  will,  I  think,  make  plausible 
the  assumption  that  the  octave  was  the  earliest  dissonance.  We 
may,  at  least,  without  prejudice  to  the  facts  that  come  later, 
accept  this  inferred  fact  as  an  historical  starting  point. 

It  is  obvious  that  the  octave  enjoyed  an  early  advantage  over 
every  other  possible  interval  in  its  progress  toward  consonance. 
Its  simplicity  of  ratio  i :  2  predetermined  for  it  a  rank  second 
only  to  that  of  the  unison  1:1.  And  two  circumstances  led  to  a 
speedy  development  of  its  possibilities.  For  one  thing,  whenever 
any  sound  was  heard  that  contained  as  many  as  sixteen  over- 
tones,®* the  interval  of  the  octave  would  occur  among  the  upper 
partials  nine  times,  as  compared  with  five  fifths,  four  fourths, 
three  major  thirds,  three  major  sixths,  two  minor  thirds,  two 
minor  sixths,  two  natural  sevenths,  one  major  second,  one  minor 
second.  For  another,  the  natural  difference  of  register  for  the 
voice  of  a  man  and  a  woman  is  such  that  in  attempting  to  give  the 
same  tone  they  would  naturally  give  two  tones  an  octave  apart.** 
In  the  primitive  activity  of  calling  signals,  when  every  member 
of  a  company  tried  to  hold  fast  to  a  certain  to"**  th'*«'  "^ust  have 

"Anfange  dcr  Musik,  78. 

•Ibid.,  78,  79. 

••  Stumpf,  Tonpsyc^Mo«?ri#i.  TT^  onn 
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happened  often.  The  natural  frequency  with  which  the  octave 
was  heard  would,  according  to  the  theory  here  maintained,  bring 
it  about  that  its  degree  of  synthesis  gradually  increased  until  it 
passed  the  threshold  of  consonance.  It  was  then  felt  as  more 
pleasant  than  the  unison  because  this  success  was  as  yet  attended 
by  considerable  difficulty. 

Now  we  actually  find  that  among  the  ancient  Greeks  the  octave 
had  reached  this  point  of  pleasantness.  They  derived  an  acute 
pleasure  from  the  practice  of  magadizing,  that  is,  of  having  the 
men  and  boys  sing  in  melody  together  in  octaves.  Thus  in  the 
Aristotelian  Problems^®  we  find  the  following  question  asked: 
"Why  is  antiphonal  singing  (i.e.,  in  octaves)  more  beautiful  than 
singing  in  unison  ?"  This  characteristic  experience  of  the  octave 
was,  as  we  shall  see,  set  apart  as  essentially  different  from  any 
other  possible  combination  of  two  notes,  but  it  is  a  question  how 
far  the  Greek  separation  of  the  octave  from  other  intervals  cor- 
responded to  our  division  of  consonance  and  dissonance.  Indeed 
the  question  of  what  kind  of  musical  consciousness  to  attribute 
to  the  Greeks  is  one  that  has  undergone  an  extraordinary  change 
of  interpretation  within  the  last  fifty  years.  Gevaert®''^  is  author- 
ity for  the  following  statement :  "II  f ut  un  temps — qui  n'est  pas 
loin — ou  beaucoup  de  savants  philolognes  et  musiciens  preten- 
daient  denier  aux  Grecs  tout  usage  de  Tharmonie  simultanee. 
Quelques-uns  allient  plus  loin,  et  voulaient  meme  leur  refuser  la 
simple  connaissance  des  accords  de  deux  sons.  LeMemoire  de 
notre  eminent  helleniste  Augnste  Wagener  sur  la  Symphonie  des 
Anciens,  public  en  1861,  mit  a  neant  ces  opinions  erronees."  But 
if  philologists  and  musical  scholars  before  1861  went  too  far  in 
what  they  denied  to  the  Greeks,  those  of  to-day  are  surely  swing- 
ing too  far  in  the  opposite  direction.  The  commonly  accepted  view 
now  is  that  the  Greeks  classed  the  octave,  fifth  and  fourth  together 
as  consonances  in  exactly  the  same  way  that  we  do  to-day.  The 
only  difference,  it  is  maintained,  between  their  consonance-dis- 
sonance division  and  ours  is  that  for  them  the  dissonance  began 
with  the  thirds  and  sixths,  whereas  we  include  the  latter  among 

•Gevaert  et  Vollgraff,  Les  Problemes  Musicaux  d'Aristote,  Problem  39a. 
•  Op.  dt,  p.  136. 
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the  consonances.  Now  if  change  has  clearly  taken  place  in  the 
case  of  the  thirds  during  the  last  2000  years,  and  we  shall  see 
that  there  is  no  possibility  of  doubting  this,  there  should  be  at 
least  a  certain  presumption  in  favor  of  expecting  development 
in  the  case  of  the  fifths  and  fourths.  Evidently  the  scholars  since 
1 86 1  have  not  approached  the  Greek  passages  with  this  presump- 
tion in  mind.  It  has  lately  been  agreed  to  translate  av/i^vCa 
as  "consonance";  and  since  the  fifth  and  fourth  are  from  very 
early  times  spoken  of  by  the  Greeks  as  ov^ufHoviai,  it  is  argued 
that  they  must  have  always  been  full-fledged  consonances.  But 
if  one  sets  out  by  translating  avfufxov^a,  not  as  consonance  in  a 
rigid  sense,  but  as  any  interval  easily  available  in  music — includ- 
ing both  perfect  and  imperfect  consonances,  and  the  milder 
dissonances  as  well- — the  whole  literature  takes  on  a  new  aspect. 
I  think  there  is  every  warrant  for  this  translation.  Certainly  the 
passages  referred  to  by  Stumpf  in  his  Geschichte  des  Consonanz- 
begriffes  bear  readily  the  interpretation  that  the  fifth  was  to 
the  Greek  approximately  what  the  third  was  to  the  fourteenth 
century  ear,  that  is  to  say,  between  the  positions  of  the  third 
and  the  minor  seventh  for  the  present-day  ear.  This  inter- 
mediate value  of  the  fifths  and  fourths  would  account  for  the  com- 
paratively late  period  at  which  a  clear  cut  distinction  between 
consonance  and  dissonance  occurs.  Neither  in  Aristotle  nor  in 
the  Problems  attributed  to  him  is  there  any  particular  expression 
for  dissonance. ®®  But  we  do  have  abundant  evidence  that  the 
octave  was  in  almost  every  respect  set  apart  from  all  other 
intervals.  Thus  we  read  in  the  Problems  35a,®®  AtA  t/  ^  Sii,  ira^ 
<T&v  KaWlarrj  avfufxopia  ]  "Why  is  the  octave  the  most  beautiful 
{rvfKfxovia^**  Again,  in  Problem  18,  AtAr/i}  Sih  iraaAp  avfi^^pCa 
dBerai  fiSptf ;  fiayaS(^ovai  yap  raifrqv,  oKKrivhe  ovScfiCav,  "Why  is 
only  the  octave  employed  in  singing?  One  magadises  (i.e., 
sings  in  parallels)  the  octave,  something  which  is  done  with 
no  other  {rvfKfxovla-''  And  in  Problem  17:  AtA  t(  Sid  irdpre  /eai 
Slit  rerrdfmv  ovte  aSovan  ^v^^^cova  I  "Why  are  fiftV«s  ^nr  Vnrths 
not  sung  in  parpUe^^      1        •»^*^'*     h^  fa<shiof    »     Ji-    ..-^u.  ->"'•* 

*  Stumpf,  G€Sci..''">-      -     •   V     ♦'^ 

•*  G«*vaert  e^  '^'^'»iif     1      ..       . 
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And  in  Problem  39b  there  is  a  longer  passage  to  the  effect  that 
the  octave  is  the  only  avfKJxovia  which  can  be  used  at  the  begin- 
ning or  end  of  a  musical  piece,  since  it  alone  procures  for  the 
mind  the  impression  of  equilibrium  and  stability. 

These  four  passages  leave  little  doubt  that  at  the  time  of 
Aristotle,  or  shortly  afterward,  the  fifth  and  fourth  were  markedly 
less  consonant  than  the  fifths  of  the  ninth  century  or  the  thirds  of 
to-day.  They  could  not  be  sung  in  parallels,  and  they  could  not 
be  used  at  the  end  of  a  piece.  Moreover,  they  were  less  beautiful 
than  the  octave,  whereas  for  us  the  most  imperfect  of  the  con- 
sonances is  the  most  beautiful  of  them  all. 

There  is,  to  be  sure,  some  indication  that  parallel  fifths  and 
fourths  were  occasionally  played  on  instruments.  Plato  (Laws, 
VII,  p.  812)  speaks  of  the  use  by  the  zitherist  of  antiphonic 
successions  other  than  that  of  the  octave.  If  Gevaert's*^^  inter- 
pretation of  this  passage  is  right,  it  can  only  refer  to  the  doubling 
of  the  melody  in  fourths  and  fifths.  But  it  also  seems  not  unlikely 
that  players  of  instruments,  so  far  as  they  did  this,  were  taking 
a  step  in  advance  of  popular  practice.  The  following  passage 
from  the  Republic'^ ^  indicates  a  strong  probability  that  at  least 
some  of  the  men  who  handled  instruments  were  experiencing 
pleasure  in  eflfects  which  seemed  absurd  to  the  people  at  large. 
It  reads :  "  'Tis  as  good  as  a  play  to  hear  them  talking  of  their 
condensed  notes,  as  they  call  them ;  they  put  their  ears  alongside 
the  strings  like  persons  catching  a  sound  from  their  neighbor's 
wall — one  set  of  them  declaring  that  they  distinguish  an  inter- 
mediate note,  the  others  insisting  that  the  two  sounds  have  passed 
into  the  same — either  party  setting  their  ears  before  their 
understanding.'*  "These  gentlemen  who  tease  and  torture  the 
strings,  and  rack  them  upon  the  pegs  of  the  instrument''  would, 
according  to  the  theory  here  defended,  quite  certainly  have  de- 
veloped the  fifth  from  its  status  as  an  intermediate  interval  to  one 
of  consonance.  Their  position,  we  may  imagine,  was  not  unlike 
that  of  the  singers  in  the  fourteenth  century  who  were  forbidden 
by  the  conservative  Pope  John   XXII   to  sing  thirds,   on  the 

"Op.  cit.,  149. 

"^Jr  veft'c  Piotr    T?-r,ubbV  Vn,  53c  1    r 
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ground  that  this  interval  served  only  to  intoxicate  and  not  to 
soothe  the  ear.'^^ 

Those  authors  who  hold  that  the  fifths  and  fourths  were  con- 
sonances for  the  Greeks*^^  begin  by  calling  attention  to  the 
Pythagorean  harmonic  proportion  12:8:6,  or  c-g-c.  But  the 
inferences  that  can  be  made  from  this  leave  much  to  be  desired. 
In  the  first  place,  it  is  not  clear  that  the  Pythagoreans  had  refer- 
ence to  the  consonance  of  simultaneous  tones.  The  term  tcpaai^ 
employed  by  them  in  this  connection,  was  very  frequently  used 
to  refer  to  the  combination  of  successive  impressions,  as  of  con- 
sonants and  vowels  in  speech.*^*  And  further,  it  is  not  clear  that 
their  "consonances"  were  not  predetermined  to  a  certain  extent 
rather  by  calculation  and  measurement  than  by  the  actual  report 
of  the  senses.  At  least,  according  to  Boethius,*^*^  the  late  Pytha- 
goreans Nikomachus,  Eubulides,  and  Hippasus,  obtained  each  a 
different  classification  of  the  consonances  because  they  founded 
their  calculations  on  different  arithmetical  speculations!  How 
remote  the  Pythagorean  "harmony"  may  have  been  from  the 
actual  harmony  of  musical  combinations,  as  experienced,  may  be 
judged  by  their  much  reiterated  conception  of  the  harmony  of  the 
spheres,  which,  if  it  means  the  simultaneous  sounding  of  all  the 
heavenly  bodies,  would  make  out  of  the  cosmos  the  most  atrocious 
discord. 

Plato  can  be  relied  on  even  less  than  the  Pythagoreans  to  give 
us  an  exact  notion  of  the  Greek  consonances.  According  to  him''^® 
the  intimations  of  the  senses  are  so  imperfect  that  it  is  absurd  to 
take  pains  in  investigating  the  exact  truth  about  them.  Just 
as  the  true  study  of  astronomy  lets  the  heavens  alone  so  the  true 
study  of  music  limits  itself  to  the  natural  harmonies  of  mathe- 
matical relations,  and  reflects  not  on  the  harmony  of  sounds,  but 
on  that  of  numbers. 

We  have  already  seen  that  the  only  Aristotelean  evidence  con- 

"  Oxford  History  of  Music,  II,  91. 

**  Stump  f,  Geschichte  des  Consonanzbegriffes,  6. 

''  Stumpf,  Ibid.,  8 

""  Stumpf,  Ibid.,  55. 

"Jowett's  Plato.     Republic,  VII,  530  ff. 
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cerning  the  consonance  of  the  fourths  and  fifths  is  their  inclusion 
among  the  ifVfKfycoviai.  This  word  is  defined  by  Aristotle  as  a 
numerical  relation  between  a  high  and  low  tone.  There  is  no 
mention  of  a  specific  difference  between  consonance  and  disso- 
nance; in  fact,  no  single  word  that  we  can  translate  by  disso- 
ance.*^^  (rvfi<f>a)v{a  is  usually  referred  to  simply  as  \6yo^  or  rela- 
tion. Indeed,  it  is  significant  that  Aristotle  asserts,  as  against 
the  Pythagoreans,  Met.  N.  6.  p.  1093  a.  20-25,  that  there  are 
more  than  three  avficfrnvlai  ;  Stumpf  j*^®  in  order  to  translate  the 
Greek  by  "consonance"  in  this  passage,  is  obliged  to  assume  that 
Aristotle  refers  here  to  the  addition  of  such  intervals  as  the 
double  octave  and  twelfth.  But  if  we  accept  the  translation 
"musical  interval,"  we  may  interpret  this  passage,  more  naturally, 
it  seems  to  me,  as  the  incipient  recognition  that  smaller  and  more 
dissonant  intervals  than  the  fourth  and  fifth  are  beginning  to 
impress  themselves  as  musically  useful. 

By  the  time  of  Thrasyllos,  first  century  B.C.,  the  classification 
of  intervals  has  become  very  definite,"^®  but  it  is  noteworthy  that 
the  fifth  and  fourth  are  put  in  a  class  distinct  from  the  octave. 
Thrasyllos  makes  a  threefold  distinction,  ( i )  antiphonies,  includ- 
ing the  octave  and  double  octave;  (2)  paraphonies,  including  the 
fifth  and  fourth;  (3)  diaphonies,  including  the  intervals  men- 
tioned in  the  other  two  classes.  Five  centuries  after  Thrasyllus, 
the  same  classification  is  used  by  Gaudentius,  but  a  significant 
change  has  taken  place.  The  fifth  and  fourth  are  ranked  by  him 
in  the  same  class  with  the  octave ;  the  third  is  now  a  paraphony, 
and  the  diaphonies  include  the  intervals  more  dissonant  than  the 
third  and  tritone.®^  If  paraphony,  as  used  by  Thrasyllos,  is  at 
all  comparable  to  the  same  expression  as  used  by  Gaudentius  we 
cannot  but  conclude  that  as  late  as  the  first  century,  B.C.,  the 
fifths  and  fourths  were  still  in  the  intermediate  class,  but  that 
by  the  fourth  century,  A.D.,  they  had  developed  into  full-fledged 
consonances.    And  it  is  an  interesting  fact  in  this  connection  that 

"Stumpf,  Geschichte  des  Consonanzbegriffes,  22. 
"Ibid.,  p.  34. 
"  Ibid.,  48  ff . 
•Stumpf,  Ibid.,  69-71. 
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whereas  the  Aristotelian  Problems  speak  only  of  the  octave 
as  the  most  beautiful  interval,  Bacchius  in  the  fourth  century 
A.D.  mentions  both  the  fifth  and  the  octave,  with  the  fifth  first 
in  order.  ®^ 

By  the  ninth  century  the  fifth  is  obviously  a  new  kind  of  har- 
monic experience.  The  Christian  church  has  found  that  a  more 
beautiful  concord  than  the  octave  is  to  be  obtained  by  having 
concurrent  voices  sing  in  fifths.®^  In  its  practice  of  "organizing," 
the  "vox  principalis"  sang  the  melody  and  the  "vox  originalis" 
sang  the  accompaniment  in  the  fifth  below  in  parallel  movement. 
The  great  pleasure  which  ninth  century  singers  derived  from  this 
sort  of  music  cannot  be  satisfactorily  disposed  of  with  the  state- 
ment that  they  merely  felt  themselves  to  be  diversifying  the 
means  by  which  a  melody  might  be  sung  in  unison.  The  writings 
of  this  period  indicate  clearly  that  the  interval  of  the  fifth  made 
very  much  the  same  appeal  to  them  that  the  third  makes  to  us 
to-day.  Thus  Regino,  in  his  De  harmonica  Institutione,  written 
in  892,®^  "Consonantia  est  acuti  soni  gravisque  mistura,  suaviter 
uniformiterque  auribus  accidens.  Et  contra  dissonantia  est  duo- 
rum  sonorum  sibimet  permistorum  ad  aurem  veniens  asipera 
atque  iniucunda  percussio."  Their  distinction  of  consonance  and 
dissonance  was  evidently  quite  as  definite  as  ours;  the  only  dif- 
ference is  that  the  third  is  as  yet  distinctly  not  included  among 
the  combinations  described  as  "suaviter  auribus  accidens." 

Taken  as  a  whole,  the  evidence  from  the  time  of  Aristotle  to 
that  of  the  ninth  century  points  very  strongly  to  a  gradual  ad- 
vance of  the  fifth  from  being  almost  a  consonance  to  being  the 
most  acceptable  one.  The  reason  why  its  development  should 
follow  next  in  order  after  the  octave  is  obvious.  Since  it  is 
the  next  simplest  ratio  2:3,  it  requires  further,  according  to  our 
theory,  only  that  it  be  impressed  on  the  hearer  sufficiently  often. 
Now  we  have  seen  that  as  reeards  natural  frequ^ncv  of  occur- 
rence in  overt'^nes  the  fifth  ^mes  next  '*"  ^  ^-^  •  th**  octave, 
since  it  o'"'*"       ^'"^  ^me^  n.     ■'»'*    if«**  six-'   •     .,.^.rn*y^.    >f  '^nv 
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clang.  Moreover,  it  was  probably  quite  often  produced  in  the 
earliest  times  by  tenor  and  bass  voices  calling  together  naturally 
at  medium  pitch.  And  its  development  among  primitive  people 
would  be  peculiarly  favored  by  their  practice  of  singing  simul- 
taneous melodies.  Of  this  characteristic  primitive  practice  von 
Hombostel  observes  :®*  "Alle  diese  Formen  von  Mehrstimmigkeit 
sind  dadurch  charakterisiert,  dasz  mehrere  Melodien  zwar  gleich- 
zeitig  erklingen,  aber  doch  noch  als  Melodien.  Auf  die  einzelnen 
Zusammenklange  als  solche  wird  wenig  oder  gar  nicht  geachtet.*' 
Now  whenever  in  such  a  chaos  of  sound  there  appeared  a  fifth, 
with  its  initial  advantage  of  simple  ratio  and  frequent  natural 
occurrence,  it  is  obvious  that  it  would  tend  to  become  fixed  rather 
than  any  other  dissonance,  and  each  time  it  was  thus  attentively 
observed  its  proximity  to  consonance  would  be  increased.  This 
is  exactly  what  seems  to  have  happened  in  every  case.  Those  of 
the  primitive  and  semi-civilized  people  of  to-day  who  have  ad- 
vanced beyond  the  stage  of  parallel  octaves,  have  invariably 
acquired,  as  the  next  step,  parallel  fifths  and  fourths.  This  is 
true  not  only  of  their  singing,  but  of  their  playing  on  instru- 
ments. Stumpf®^  observes  that  in  China,  Japan  and  Sumatra  it 
is  quite  usual  that  instruments  make  fifths  and  fourths  with  each 
other  or  with  the  orchestra. 

The  shifting  division  between  consonance  and  dissonance  seems 
to  have  included  the  fourth  among  the  consonances  almost  simul- 
taneously with  the  fifth.  Its  development  among  the  Greeks 
exactly  parallels  that  of  the  fifth;  all  the  primitive  races  to-day 
who  treat  the  fifth  as  a  consonance  treat  the  fourth  likewise ;  and 
the  ninth  century  "organum''  which  in  its  simplest  form  gave  only 
parallel  fifths,  gave  also  parallel  fourths  when  the  "vox  princi- 
palis" was  doubled  an  octave  above,  and  the  "vox  orig^nalis"  an 
octave  below.  But  the  simultaneous  development  of  these  two  in- 
tervals may  be  readily  understood  according  to  the  principle  of  the 
equivalence  of  octaves.  That  is  to  say,  the  resemblance  between 
any  note  and  its  octave  is  now  so  strong  that  the  presentation  of 

•*£.  von  Hornbostel,  Ueber  vergleichhende  akustische  und  Musik-psycholo- 
gische  Untersuchungen,  p.  484.    Zeitschrift  fur  An^ew.    Psych.  Ill,  1909. 
"Anfape**  d<*r  "^^ns'^ 
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any  given  fundamental  is  practically  equivalent  to  the  presentation 
of  its  octave.  Hence,  whenever  a  fourth  was  sounded,  it  could  be 
heard,  not  as  a  new  interval  different  from  the  fifth,  but  merely 
as  the  old  interval  inverted — and  even  perhaps  a  little  more  inter- 
esting, because  of  the  slight  increment  of  difficulty.  The  same 
principle  explains  the  later  simultaneous  development  of  thirds 
and  sixths;  it  is  indeed  the  fundamental  fact  in  all  the  triad 
inversions  of  modem  harmony.®®  It  is  significant,  however,  that 
by  the  time  of  Guido  of  Arezzo,  the  first  half  of  the  eleventh 
century,  the  foundation  of  the  Diaphony  or  Organum  was  no 
longer  the  fifth,  but  the  fourth.®''^  The  perfect  fifth  has  ceased 
to  be  the  barely  consonant  and  therefore  intrinsically  interesting 
interval  it  had  been  two  centuries  previously.  As  it  becomes 
more  consonant  it  becomes  less  available  as  a  parallel  interval. 

The  major  third  4 :  5  is  the  simplest  of  the  dissonances  that  now 
remain,  and  history  merely  repeats  itself  when  the  third  by  fre- 
quent hearing  gains  a  place  among  the  consonances.  The  possi- 
bility of  its  attracting  especial  attention  was  obtained  when  the 
strict  form  of  Diaphony,  which  was  based  entirely  upon  the 
traditional  concords,  was  relaxed  in  favor  of  free  Diaphony, 
which  admitted  sounds  that  were  discordant,  provided  they  were 
not  introduced  consecutively  or  on  an  accented  beat.®®  We 
find  it  recognized  in  the  eleventh  century  Micrologus  of  Guido  of 
Arezzo,  who  illustrates  the  pleasant  effect  of  coming  to  the  unison 
by  way  of  the  major  third.®®  This  is  at  a  time  when  the  minor 
third  is  still  forbidden  even  in  passing.  By  the  twelfth  century 
there  is  evidence  of  the  use  of  both  major  and  minor  thirds  and 
sixths  provided  they  are  treated  lightly.  A  twelfth  century 
manuscript  of  the  British  Museum,  published  by  Coussemaker 
in  his  Histoire  de  I'Harmonie  au  Moyen  Age,^^  gives  the  follow- 
ing very  explicit  regulations  with  respect  to  the  progression  after 
thirds  and  sixths:  "The  minor  third  requires  the  unison  after 
it;  the  major  third,  the  fifth;  the  minor  sixth,  the  fifth;  the  major 

"  Stumpf,  Konsonanz  und  Konkordanz,  Zeitsch.  fiir  Psych.  58,334. 

"Woolredge,  op.  cit.,  I,  63. 

"Woolredge,  op.  cit.,  I,  66. 

*  Ibid.,  66. 

"See  Woolredge,  op.  cit..  Chap.  VI. 
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sixth,  the  octave."  These  intervals  at  this  time  evidently  had 
their  "regular"  resolutions  in  much  the  same  sense  that  the 
dominant  seventh  has  its  regular  resolution  in  the  harmony 
of  to-day.  The  interesting  transformation  which  has  taken 
place  in  the  third  in  the  last  seven  hundred  years  is  described 
summarily  by  Parry,®^  when  he  says,  "whereas  in  modem  times 
a  man  feels  that  he  wants  something  more  when  he  is  without  it, 
in  medieval  times  he  wanted  something  more  because  he  had  it." 
A  twelfth  century  writer,  comparing  his  own  sense  of  consonance 
with  that  of  the  Greek,  might  have  made  exactly  the  same  state- 
ment in  r^ard  to  the  fifth;  for  this  interval  left  the  Greek 
with  a  sense  of  disturbed  equilibrium,®^  whereas  in  the  twelfth 
century  it  was  the  regular  resolution  of  the  major  third  and 
minor  sixth.  The  exact  steps  by  which  the  almost  consonant 
third  became  generally  recognized  as  a  consonance  cannot  be 
traced  with  certainty.  Riemann®^  thinks  the  practice  of  singing 
in  parallel  thirds  and  sixths  appeared  earlier  in  England  than  on 
the  continent,  and  that  it  spread  from  England  to  France.  This, 
however,  is  thought  very  doubtful  by  Woolredge.®*  What  in- 
terests us  especially  here  is  the  fact  that  it  seems  to  have  had  for 
a  considerable  time  the  characteristic  attribute  of  an  intermediate 
interval ;  that  is,  it  had  become  a  consonance  to  some  ears,  while 
it  was  yet  a  dissonance  to  others.^  Pope  John  XXII,  in  a  decree 
— 1322' — forbidding  the  use  of  discant,  said:  "Yet  for  all  this, 
it  is  not  our  intention  to  forbid  occasionally,  and  especially  upon 
feast  days  or  in  the  solemn  celebration  of  the  mass  .  .  .  the 
use  of  .  .  .  the  octave,  fifth  and  fourth  which  heighten  the 
beauty  of  the  melody.  .  .  .  Used  in  such  sort,  the  consonances 
would  both  soothe  the  hearer  and  arouse  his  devotion."®*  This 
decree,  which  excluded  thirds,  was  set  aside  just  fifty-five  years 

•*  Evolution  of  the  Art  of  Music,  88. 

"Aristotelian  Problems,  39b. 

"Geschichte  der  Musiktheorie  im  IX-XIX  Jahrhundert. 

•*0p.  cit.,  I,  161  ff. 

I.  We  have  already  compared  this  state  of  affairs  with  the  one  that 
probably  existed  in  Greece  at  one  time  regarding  the  fifth.  We  shall  sec 
later  that  the  nat"rol  seventh  4:7  to-day  manifejs  the  same  characteristi'* 

"On.  *-«>,   T    or 


32  HENRY   THOMAS  MOORE 

later,  when  official  recognition  was  given  to  the  Faulx  Bourdon, 
a  form  in  which  consecutive  thirds  and  sixths  were  the  rule. 
Obviously  the  ultra-modems  in  the  musical  taste  of  that  time 
had  continued  to  exert  such  a  pressure  that  the  conservatives 
finally  came  to  acknowledge  their  point  of  view  as  the  better 
one. 

The  decline  of  the  fourth  and  fifth  seem  just  about  to  have 
kept  pace  with  the  advance  of  the  third.  Thus  Simon  Tunstede, 
an  English  theorist  of  the  year  1400,  in  his  Qtuittuor  Principalia, 
writes :®®  "Let  him  who  is  to  discant  avoid  as  much  as  possible 
the  perfect  concords  (i.e.,  fifths  and  fourths),  keeping  his  part 
in  the  imperfect  intervals,  that  is  to  say,  in  the  thirds,  sixths  and 
tenths  above  the  tenor,  and  with  these  let  him  discourse,  ascend- 
ing and  descending  according  as  it  may  seem  to  him  expedient 
and  most  agreeable  to  the  hearer."  Thus  the  fifth  and  fourth, 
as  they  grew  more  consonant,  lost  the  attribute  which  invariably 
belongs  to  the  least  consonant  of  the  consonances,  namely,  the 
pleasing  effect  as  a  parallel  interval. 

Two  possible  arguments  suggest  themselves  for  maintaining 
the  essentially  consonant  character  of  the  third  despite  the  slow- 
ness with  which  its  recognition  developed.  The  first  is  the  fact 
that  the  earliest  third  was  not  the  natural  major  third  4 : 5 
but  the  Pythagorean  64:81.  And  indeed  Helmholtz®''  suggests 
this  as  a  possible  reason  for  its  treatment  as  a  dissonance.  But 
he  himself  admits  later  on  ®®  that  "even  when  the  natural  major 
third  was  included  in  the  so-called  syntono-diatonic  mode  of 
Didymus  and  Ptolemaeus,  it  was  not  recognized  as  a  consonance." 
And  besides,  recent  experiments  have  shown  that  an  interval  can 
be  considerably  mistuned  while  continuing  to  give  its  character- 
istic fusion  effect.  It  would  seem  then  that  very  little  weight  can 
be  attached  to  the  slight  discrepancy  of  the  Pythagorean  ratio. 

A  second  argument  is  that  the  medieval  man  was  so  bound  by 
what  had  been  established  before  him  that  he  refused  to  admit 
anything  for  which  he  '^o^il'^    ind  no  pre'^^f^'^^t  in  troH'^^iVi.    Such 

••  Woolredge,  or   cit.,  ' 
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an  argument,  if  it  did  not  concern  the  immediate  facts  of  sense, 
would  deserve  careful  consideration.  Certainly  the  medievals 
had  an  extraordinary  respect  for  established  rules,  but  that  they 
could  have  maintained  in  theory  what  their  ears  were  constantly 
upsetting  in  practice,  that  they  could  have  heard  thirds  as  we 
hear  them,  and  yet  have  described  their  impressions  as  they  des- 
cribed them, — this  passes  understanding. 

The  primitive  people  of  to-day  among  whom  has  been  found 
the  practice  of  singing  or  playing  in  passages  of  thirds  are  very 
rare,  and  even  then  it  is  always  a  question  how  far  European 
influence  has  found  its  way  among  them.  But  at  least  it  is 
certain  that  the  third  has  invariably  been  the  interval  acquired 
next  after  the  fifths  and  fourths.  Thus  G.  Knosp^®  reports  that 
the  Annamites  found  the  major  triad  beautiful,  but  the  minor 
triad  and  all  seventh  chords  were  horrible  and  meaningless. 
Stumpf  ^^^  reports  that  a  member  of  the  Siamese  court  orchestra, 
tested  by  him,  thought  our  major  triad  pleasing,  but  disliked  the 
minor  triad  and  dominant  seventh. 

It  might  be  argued  that  since  the  Siamese  scale  is  totally  dif- 
ferent from  ours,  the  liking  of  this  subject  for  our  major  triad 
is  an  argument  against  gradually  developing  fusion  grades.  But 
such  a  conclusion  does  not  follow  from  the  facts.  In  the  first 
place,  it  is  to  be  noted  that  this  Siamese,  whom  his  fellows  named 
as  the  best  musician  among  them,  had  already  gained  some  fami- 
liarity with  European  music  both  in  Vienna  and  at  home.  He 
was  accordingly  so  far  spoiled  in  respect  to  being  a  typical  exam- 
ple of  Siamese  musical  evolution.  And  furthermore,  it  is  cer- 
tainly possible  to  find  an  interval  acceptable  without  feeling  it 
as  a  consonance.  The  twelfth  century  musician  expressed  satis- 
faction with  the  third — for  him  a  dissonance — ^provided  it  was 
preceded  and  followed  by  a  consonance,  and  we  ourselves  do  as 
much  for  the  dominant  seventh  which  we  still  class  as  a  dis- 
sonance. The  distinction  between  degree  of  pleasure  and  degree 
of  consonance  is  one  on  which  every  writer  now  insists.  ^^^    But 

"E.  von  Hornbostel,  op.  cit,  486. 
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for  this  distinction  we  should  have  to  consider  the  third  at  present 
more  consonant  than  the  fifth.  And  lastly,  if  the  Siamese  felt 
the  various  fusion  grades  in  the  same  way  as  a  European,  it 
might  be  asked  why  he  should  have  objected  to  passages  of 
thirds,^^^  and  why  he  should  have  disapproved  of  the  minor 
triad  and  of  the  seventh  chord.  So  far  as  the  facts  presented 
warrant  any  judgment  as  to  the  Siamese's  distinction  of  con- 
sonance and  dissonance,  we  should  have  to  say  that  for  him  the 
minor  third  is  more  dissonant  than  is  the  minor  seventh  for  us, 
while  the  major  third  may  or  may  not  be. 

The  difficulty  of  getting  definite  results  from  the  questionnaire 
method  with  primitive  people,  or  any  people  differing  widely 
from  ourselves,  is  illustrated  by  the  attempts  of  von  Hornbostel 
to  get  judgments  from  a  group  of  North  American  Indians  con- 
cerning various  consonant  and  dissonant  combinations.^^*  Every 
possible  answer  was  obtained  with  regard  to  every  chord! 
Myers^®*  in  the  article  previously  mentioned,  refers  with  con- 
siderable dissatisfaction  to  the  attempts  so  far  made  to  investi- 
gate the  affective  value  of  various  pairs  and  triads  of  tones 
presented  to  savages.  He  says:  "It  is  clear  that  both  native 
and  European  intervals  should  be  presented,  that  the  intervals 
should  be  sounded  on  native  and  not  merely  on  European  in- 
struments, and  that  repeated  judgments  must  be  obtained  before 
reliance  can  be  placed  on  such  comparisons.  Investigators  have 
hoped  to  arrive  at  an  answer  by  playing  primitive  melodies  on 
the  piano,  harmonizing  them  now  in  one  way,  now  in  the  other. 
But  the  likes,  dislikes,  or  indifferences  of  the  natives,  ascertained 
by  such  a  rough  method  of  experiment,  cannot  be  accepted  as 
trustworthy.'*  The  only  test  of  this  sort  which  I  was  able  to 
make  in  connection  with  the  present  investigation  was  to  try  the 
comparative  eflfect  of  parallel  fifths  and  thirds  on  one  Japanese 
and  two  Chinese  students  at  Harvard.  The  answer  from  one  of 
them  was  uniformly  that  they  were  "just  the  same.''  Both  of  the 
other  men  usually  gave  a  similar  answer,  but  so  far  as  any 
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preference  was  expressed  it  was  for  the  fifths,  despite  the  fact 
that  they  had  lived  in  this  country  for  a  year  and  a  half.  The 
inconclusiveness  of  these  results  is  typical  of  what  seems  likely 
to  be  obtained  by  any  method  short  of  a  prolonged  and  systematic 
investigation.  Surely,  until  an  exact  understanding  can  be  guar- 
anteed between  the  experimenter  and  his  subject,  the  safest  guide 
in  the  matter  of  consonance  and  dissonance  is  the  actual  musical 
practice  of  a  people,  and  this  we  find  in  such  cases  is  limited  almost 
entirely  to  the  intervals  of  the  octave,  fifth  and  fourth. 

If  the  test  for  the  complete  establishment  of  an  interval  as  a 
consonance  is  its  use  in  the  final  chord  of  a  cadence,^®^  the  first 
historical  example  of  the  complete  establishment  of  the  third  is 
in  the  Nesciens  Mater,  1450,^^®  which  offers  a  cadence  in  which 
the  middle  voice  passes  to  the  third  instead  of  the  fifth.  The 
minor  chord  was  avoided  in  closes  down  to  the  time  of  Bach, 
and  even  Handel  and  Mozart  occasionally  indicate  their  desire  to 
give  greater  finality  to  a  minor  piece  by  ending  it  with  a  major 
chord. ^^^  Once  admitted  as  a  consonance,  the  minor  third  has 
not  relegated  the  major  to  a  position  of  lower  importance,  but 
rather  the  constant  interchanges  of  the  two  have  tended  to 
enhance  the  feeling  value  of  both.  It  is  practically  impossible 
in  our  present  diatonic  system  to  get  a  succession  of  thirds  which 
are  entirely  major  or  minor.  What  we  get  in  any  passage  is 
a  frequent  alternation  between  the  two;  that  is,  between  the 
slightly  less  and  the  slightly  more  consonant.  This  situation 
has  been  of  immense  advantage  in  maintaining  the  third  as  the 
most  interesting  interval.  It  has  been  thus  doubly  fortified 
against  gradual  reduction  to  the  status  of  an  "empty"  interval 
as  the  octave  and  fifth  before  it. 

Of  the  sixths  little  more  need  be  said  than  that  their  develop- 
ment as  consonances  parallels  that  of  the  thirds.  Although 
slightly  more  complex  in  ratio  than  the  latter,  they  give,  owing 
to  the  equivalence  of  octaves  before  mentioned,  more  the  effect 
of  inverted  thirds  than  of  intervals  in  their  own  right.     Their 

*"  Parry,  Evolution  of  the  Art  of  Music.  ^. 
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simultaneous  development  with  the  thirds  is  accordingly  to  be 
explained  on  exactly  the  same  grounds  as  that  of  the  fourths  with 
the  fifths, 

The  next  simplest  ratio  is  the  natural  seventh  4 :  7.  Its  effect  is 
peculiarly  interesting  on  account  of  the  fact  that  its  development 
has  been  arrested,  owing  to  its  exclusion  from  the  diatonic  scale. 
It  remains  to-day  an  intermediate  interval,  and  we  find,  as  is  to 
be  expected,  wide  individual  differences  of  opinion  as  to  its 
status.  Stumpf  ^^®  considers  it  intermediate  between  consonance 
and  dissonance ;  Hohenemser^^®  and  the  Lippsians  in  general  con- 
sider it  a  pronounced  dissonance;  Helmholtz^^®  thought  it  nearer 
to  the  consonances  than  the  dissonances;  and  Krueg^r^^^  and 
many  others  think  it  belongs  distinctly  among  the  consonances. 
These  differences  recall  the  state  of  affairs,  already  mentioned, 
in  regard  to  the  third  in  1322,  and  make  even  more  plausible  the 
conjecture  that  has  been  made  with  regard  to  the  fifth  among 
the  Greeks.  They  suggest  further  that  if  the  4 :  7  were  included 
among  the  intervals  in  regular  use,  its  frequent  hearing  would 
presently  make  it  unquestionably  consonant  for  all  ears.  This 
consonance  would  be  less  complete  than  its  predecessors,  but 
therefore  all  the  more  interesting.  Unfortunately  there  is  no 
instrument  which  makes  possible  with  the  4 : 7  the  kind  of 
experiments  which  I  am  here  reporting  on  the  thirds,  fifths,  minor 
and  major  sevenths,  but  there  is  every  reason  to  believe  that 
when  similar  tests  can  be  devised  the  results  will  be  of  the  same 
kind. 

By  the  time  of  Palestrina,  1 524-1 594,  the  division  was  defi- 
nitely marked  between  the  thirds  on  the  one  hand  and  the  minor 
seventh  5 :  9  on  the  other.  The  change  of  attitude  that  has  since 
taken  place  toward  the  latter  interval  is  in  every  way  indicative 
of  a  general  progress  in  the  direction  of  consonance.  Palestrina 
treated  the  minor  seventh  just  as  the  twelfth  century  musicians 
treated  the  third  in  free  Diaphony.     He  allowed  it,  but  only  as 
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an  "unessential"  discord ;  that  is  to  say,  as  a  suspension  or  pass- 
ing note.  It  thus  appeared  in  a  transient  juxtaposition  of  voices 
while  the  main  interest  was  directed  to  the  movement  of  the  parts 
themselves.  But,  shortly  afterwards,  interest  began  to  attach 
to  the  interval  on  its  own  account,  and  Monteverde,  1567-1643, 
upset  all  traditions  by  attacking  the  dominant  seventh  and  lead- 
ing tone  seventh  directly  without  preparation.  ^^^  The  more 
recent  developments  are  familiar  to  every  student  of  harmony. 
Not  only  was  the  dominant  seventh  later  allowed  to  enter  un- 
prepared, but  feeling  gradually  developed  in  favor  of  extending 
the  same  license  to  the  secondary  sevenths,  until  now  any  chord  of 
the  seventh  may  be  directly  introduced  without  giving  offense. 
At  the  same  time,  the  feeling  that  the  seventh  required  a  "regn- 
lar'*  resolution  has  undergone  a  marked  alteration.  In  many 
passages  from  Parsifal,  for  example,  one  can  see  that  Wagner, 
by  the  same  device  of  passing  notes  which  Palestrina  used  to  intro- 
duce a  single  interval  of  a  seventh,  contrives  to  produce  transient 
artificial  chords  with  sevenths  which  are  succeeded  by  new  chords 
with  other  sevenths.  These  passing  note  combinations  mark 
the  incipiency  of  parallel  sevenths  just  as  surely  as  the  sevenths 
occurring  frequently  in  half  closes  in  Tristan  and  Isolde  point 
to  the  ultimate  possibility  of  a  complete  close  containing  a 
seventh.  But  the  precaution  which  Wagner  takes  in  introduc- 
ing his  sevenths  only  when  attention  is  concentrated  on  the 
melodic  progression  of  the  parts,  is  brushed  aside  by  his  more 
modem  successors.  Strauss  is  to  Wagner  in  this  respect  as 
Monteverde  is  to  Palestrina.  The  consecutive  sevenths  which 
Wagner  suggests  more  or  less  indirectly,  are  attacked  by  Strauss 
without  any  relieving  contrapuntal  device.  The  climactic  parts 
of  Heldenleben,  and  the  succession  of  chords  which  comes  at 
the  end  of  the  song  M  or  gen,  are  but  two  of  the  numerous  in- 
stances of  consecutive  dominant  sevenths  which  before  Strauss 
would  have  been  considered  absolutely  impossible.  More  de- 
cided still  is  an  example  from  Florent  Schmitt's  Tragedie  de 
Salome  in  which  we  have  a  passage  of  ten  successive  sevenths. 

""Helmholtz,  op.  cit. 
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It  is  needless  to  multiply  instances  of  what  contemporary  orches- 
tral compositions  are  coming  more  and  more  to  abound  in. 

It  might  be  argued  that  the  composer  is  merely  trying  to  add  a 
novel  interest  to  his  work  by  daring  to  use  progressions  that 
would  have  been  considered  too  bold  by  his  predecessors.  But 
a  composer's  choice  of  means  is  never  entirely  irrelevant  to  the 
potential  capabilities  of  his  hearers.  His  startling  effects,  if 
true  products  of  art,  must  end  by  introducing  them  to  a  new 
and  more  ultimate  pleasure.  We  must  suppose  that  the  great 
composer  builds  somewhat  better  than  he  knows,  in  that  his 
radical  harmony  is  not  a  mere  bit  of  wanton  freakishness,  but  a 
more  or  less  unconscious  finding  his  way  to  the  next  stage  in  the 
musical  progress  of  the  race.  If  this  is  true,  the  rapidly  develop- 
ing freedom  of  treatment  of  the  minor  seventh  in  present-day 
music  urges  strongly  the  experimental  investigation  of  the  effect 
of  repeatedly  hearing  this  dissonance  which  bids  fair  to  |;)ecome 
a  consonance. 

But,  before  proceeding  to  an  examination  of  experimental 
results,  it  will  be  well  to  summarize  the  main  points  of  historical 
development.  The  qualitative  distinction  between  consonance 
and  dissonance  has  at  all  times  had  most  immediate  reference 
to  the  self-sufficiency  which  always  exists  for  the  one  and  never 
for  the  other.  The  practical  test  of  self-sufficiency,  and  there- 
fore of  consonance,  we  have  taken  to  be  the  immediate  effect 
of  the  interval  in  a  passage  of  parallels.  On  the  basis  of  this 
distinction  we  may  say  that  the  history  of  each  of  our  present 
consonances  has  apparently  been  a  gradual  development  as  dis- 
sonance, followed  by  a  relatively  short  transition  period,  and  later 
a  gradual  development  as  consonance.  The  typical  case,  in  which 
we  may  observe  all  the  gradations,  is  that  of  the  third.  As  a  dis- 
sonance it  was  at  first  too  harsh  for  any  use  at  all,  but  after- 
wards was  considered  a  useful  interval  if  properly  restricted. 
Then  follows  a  transition  during  which  some  seem  to  have  felt 
it  as  a  consonance  while  others  still  considered  it  dissonant. 
Later  comes  its  general  admission  as  a  parallel  interval,  and  still 
later  its  use  in  the  final  chord  of  a  cadence.  Each  stage,  we  have 
seen,  had  its  characteristic  pleasure  value.  As  a  decided  dissonance 
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it  was  essentially  unpleasant ;  as  a  mild  dissonance  it  was  pleas- 
ant according  to  the  context ;  as  a  bare  consonance  it  was  essen- 
tially pleasant,  as  for  example  to  Monteverde,  who  confessed  his 
inordinate  fondness  for  thirds;  when  it  becomes  a  more  per- 
fect consonance  it  begins  to  take  on  a  more  empty  character, 
as  is  instanced  by  our  present  growing  dissatisfaction  with  such 
music  as  that  of  Donizzetti.  The  history  of  the  fifth  exemjrfi- 
fies  the  end  of  this  same  general  process ;  that  of  the  minor  seventh 
its  beginning.  The  fifth,  recognized  by  the  Greeks  as  more 
like  the  octave  than  any  of  the  other  intervals,  though  most 
probably  not  at  that  time  a  consonance  in  our  sense,  appears  in 
the  ninth  century  as  the  sweetest  of  concord.  A  few  centuries 
later  it  has  lost  in  content  until  consecutive  fifths  are  becom- 
taboo ;  and  the  present-day  effect  of  the  fifth  reminds  one  of  the 
answer  of  Rossini  to  the  question,  "What  is  more  langweilig 
than  a  flute?"  His  answer  was,  "Two  flutes."  The  fifth  to-day 
is  a  most  essential  element  in  the  structure  of  harmony,  but  con- 
sidered per  se  it  has  an  unpleasant  barrenness  for  most  ears, 
so  that  it  is  not  used  consecutively  except  for  particular  effects. 
The  seventh,  altogether  too  harsh  for  the  twelfth  century  ear, 
comes  later  to  give  much  pleasure  in  the  mildly  dissonant  chord 
of  the  dominant  seventh,  and  the  boldness  of  contemporary 
radicals  augurs  for  it  an  eventual  transition  to  the  recent  status 
of  the  third,  that  of  the  most  pleasant  of  consonances. 


CHAPTER  V 
Experimental  Evidence 

The  experiments  which  I  shall  report  were  performed  on 
nine  subjects  during  the  winter  of  1913-1914  under  the  direc- 
tion of  Professor  Miinsterberg  and  Doctor  Langf eld  in  the  Har- 
vard Laboratory.  The  intention  was  to  examine  the  characteristic 
effects  of  prolonging  and  repeating  two  consonances,  the  fifth  and 
third,  and  two  dissonances,  the  major  and  minor  seventh,  with  a 
view  to  ascertaining  whether  the  facts  thus  obtained  would  lend 
support  to  such  an  interpretation  of  the  genesis  of  consonance 
as  has  been  given  above  . 

The  requirements  to  be  fulfilled  by  the  instruments  to  be  used 
were, 

( 1 )  That  it  be  possible  to  sustain  an  interval  for  any  length 
of  time  and  at  fairly  uniform  pressure. 

(2)  That  two  successive  chords  or  intervals  could  be  com- 
pared, each  having  been  played  for  the  same  length  of  time  and 
with  the  same  amount  of  pressure. 

(3)  That  passages  of  any  desired  number  of  parallel  intervals 
could  be  played  at  any  speed  desired. 

The  Tonmesser  and  harmonium  are  obviously  not  adapted  for 
this  last  requirement ;  it  was  therefore  necessary  to  use  a  cabinet 
organ  with  tempered  scale.  The  one  used  was  an  instrument 
made  by  the  Estey  Organ  Company,  Boston.  The  stop  exclu- 
sively used  was  a  melodia  with  very  prominent  second,  third,  and 
fourth  overtones. 

PRELIMINARY  EXPERIMENT 

Since  the  final  conclusions  were  to  rest  on  an  interpretation 
of  the  subjects'  comparative  judgments  of  intervals  under  dif- 
ferent conditions,  it  was  necessary  first  of  all  to  compute  for 
every  subject  a  co-efficient  of  musical  consistency  obtained  from 
a  series  of  judgments  under  constant  ^nnHitt'ons.  And,  further, 
since  ^he  fina    -^snH*   —^r^  *^r  ^r-^^  tt     ..     t-^*^V     Via  nii*»stion  of 
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consonance  and  dissonance,  it  was  desirable  to  find  out  in  advance 
how  far  the  subject  naturally  inclined  in  his  preferences  toward 
the  one  or  the  other.  In  short,  the  intention  of  the  preliminary 
experiment  was  twofold,  to  find  out  in  the  case  of  each  subject 
his  degree  of  consistency  and  his  degree  of  consonance. 

As  stimuli  for  paired  comparison  in  the  preliminary  experi- 
ment, I  used  nineteen  resolutions  of  the  dominant  seventh  chord. 
The  expression  "resolution"  in  these  experiments  is  to  be  under- 
stood as  meaning  a  pair  of  chords;  the  dominant  seventh  plus 
the  chord  into  which  it  resolves.  A  comparison  of  resolutions 
hence  means  a  comparison  between  two  pairs  of  chords.  The 
actual  chords  used,  and  their  corresponding  numbers  as  they 
appear  in  the  tables  follows.     It  will  be  seen  that  eight  of  the 
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Resolutions  of  Dominant  Seventh  Used  in  Preliminary  Experiment. 


resolutions,  9,  10,  11,  12,  15,  16,  17,  18,  are  dissonant;  the  rest 
consonant. 

•Each  of  the  nineteen  resolutions  was  compared  with  each  of 
the  others  in  an  irregular  series,  and  then  the  same  comparisons 
were  made  with  the  pairs  presented  in  the  reverse  order.  This 
made  in  all  three  hundred  and  forty-two  judgments,  given  under 
conditions  such  that  memory  could  not  possibly  have  had  any 
influence  in  determining  the  choices.  The  time  during  which 
each  pair  was  sounded  was  kept  constant  by  allowing  two  seconds 
for  the  dominant  seventh  and  three  for  the  following  chord,  mak- 
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ing  five  seconds  for  the  whole  pair.    An  interval  of  two  seconds 
was  allowed  between  the  resolutions. 

In  the  individual  tables,  which  follow  immediately,  the  pre- 
ferred resolutions  are  indicated  by  the  numbers  in  the  square. 
The  two  resolutions  compared  are  to  be  found  by  passing  from 
a  given  square  upward  to  the  number  at  the  top  of  the  column, 
and  laterally  to  the  number  at  the  left  side.  Thus  in  the  first 
table  resolution  number  i  was  preferred  to  2  both  when  it  came 
before  and  when  it  came  after  it  in  order  of  presentation.  The 
letters  referring  to  the  subjects  throughout  the  tables  are  as 
follows : 


B  — Mr.  J. 
T  —  Mr.  H. 
C  —  Mr.  R. 
G  — Mr.  R. 
K  —  Mr.  C. 
L  —  Dr.  H. 
M  —  Miss  O. 
S  — Mr.  W 
R  —  Mr.  A. 


W.  Bridges 

E.  Burtt 
A.  Cutting 

C.  Givler 
E.  Kellogg 
S.  Langfeld 

Martin 
.  M.  Marston 
A.  Roback 
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By  representing  the  judgment  "better  than"  by  the  symbol  > 
we  can  express  briefly  each  subject's  order  of  preference  accord- 
ing to  the  total  number  of  votes  for  each  resolution,  as  follows : 

Bridges,    i>i9>2>i3>6>3>8>ii  =  7>4  =  S>9>i2> 

io>i4>i6>is>i8>i7 
Burtt,     I9>I4>S>8>9  =  2>i>3>i3>7>4>ii>i6    = 

IS>I2>I7>6  =  io>i8 
Cutting,  I9>i3>2>is>i>3>9>s>4  =   7>6>i2>i7> 

ii>i4>i8>i6>io>8 

Givler,       i8>i7>i6>io>i4>iS>i2>i3>ii>7>9>S>2 

=  3>4>8>6>i>i9 

Kellogg,   i3>8>i9>i4>3>2>ii>S>4>9>i>6  =  7> 

io>i2  =  15  =  i6>i7>i8 
Dr.  Langfeld,  i8>i3>is>i>7  =  4>io  =  9  =  5  =  3>i2> 

Ii>i7>6>i6  =  2>i4>8>i9 
Marston,    i9>2>i3>i>8>3>7>5>6>i4>4>9>is>io 

>ii>i6>i7>i2>i8 
Miss  Martin,  I9>2>i  =  i3>3  =  4  =  6>8  =  io>7  =  ii> 

I4>9>i8>i5>5  =  I7>i2>i6 
Roback,  6>i8>i3>3>s  =  io>7  =  8>i4>is  =  i6  =  4> 

17  =    II>I9>I>I2>9>2 

Now,  if  a  subject  is  perfectly  consistent  in  his  judgments, 
we  may  expect  that  the  preference  of  one  resolution  over  an- 
other, as  indicated  by  the  total  number  of  votes  for  each,  will  not 
be  contradicted  when  the  two  resolutions  are  directly  compared. 
Thus  perfect  consistency  in  the  case  of  the  first  subject,  Bridges, 
would  mean  that  he  will  always  prefer  number  i  to  any  other 
resolution;  19  to  any  other  resolution  but  i ;  and  2  to  any  other 
but  I  and  19;  also  that  11,  when  directly  compared  with  7,  ought 
to  be  judged  equal  to  it,  and  so  on.  The  method  of  computing 
the  amoimt  of  deviation  from  perfect  consistency  may  be  seen 
by  the  calculation  of  Bridges'  consistency  for  resolution  num- 
ber 4.  This,  according  to  the  order  of  preferences  by  total 
votes,  ought  to  have  been  judged  <i,  19,  2,  13,  6,  3,  8,  11,  7; 
equal  to  5;  and  >g,  12,  10,  14,  16,  15,  18,  7.    It  is  compared 
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directly  with  each  of  these  twice;  and  whenever  both  of  the 
direct  judgments  coincide  with  the  order  of  preference  we  may 
gprade  the  pair  i.oo;  if  one  agrees  and  the  other  disagrees,  the 
grade  will  be  .50;  if  one  which  should  be  judged  equals  gets  one 
equals  judgment,  while  the  other  is  >  or  <,  we  may  grade 
this  pair  .75.  The  coefficient  for  all  the  judgments  with  reference 
to  a  given  resolution  will  then  be  an  average  of  the  percentages 
for  the  18  pairs,  and  the  final  coefficient  for  the  whole  series 
of  342  judgments  will  be  obtained  by  a  general  average  of  the 
19  separate  averages. 
Bridges'  results  for  resolution  number  4  were: 


Preference  by  votes. 

4    <     I 

2 

6 

3 

6 

II 

7 
=    5 

>    9 


By  direct  comparison. 
<  < 


< 

< 

< 

< 

< 

< 

< 

< 

> 

> 

> 

> 

> 

> 

> 

> 

> 


< 
< 


Consistency. 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


1.00 


< 

1.00 

< 

.50 

> 

SO 

> 

1.00 

> 

1.00 

> 

1.00 

> 

1.00 

> 

1.00 

> 

1.00 

> 

1.00 

> 

1.00 

\1»^f 

•ogr.                j^ 
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The  above  average  represents  the  subject's  consistency  only 
for  the  number  4.  This,  when  averaged  with  eighteen  other  aver- 
ages, gives  his  general  coefficient  of  consistency.  The  final  co- 
efficients, obtained  in  this  manner,  were  as  follows : 

Givler 92 

Burt 88 

Marston 88 

Bridges 87 

Kellogg 86 

Miss  Martin       .     ,.      .      .     .84 

Dr.  Langfeld 78 

Cutting 76 

Roback 71 

The  classification  of  preferences  according  to  their  consonant 
and  dissonant  character  shows  an  extreme  preference  for  the 
dissonances  on  the  part  of  Givler;  Dr.  Langfeld  also  shows  a 
fairly  distinct  tendency  of  the  same  sort.  The  rest  of  the  sub- 
jects prefer  the  consonances  in  varying  degrees.  The  extremely 
"consonant"  subjects  are  Marston,  Miss  Martin,  Bridges,  Kel- 
logg; the  other  three — Burtt,  Cutting  and  Roback — ^have  the 
same  general  preference,  but  less  marked.  Ranking  the  subjects 
from  the  most  "dissonant"  to  the  most  "consonant,"  we  obtain 
the  following  order: 

Givler 

Dr.  Langfeld 

Roback 

Cutting 

Burtt 

Kellogg 

Bridges 

Miss  Martin 

Marston. 
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FINAL  EXPERIMENTS 

The  next  problem  was  to  find  a  method  of  recording  any 
change  in  the  degree  of  consonance  of  a  given  interval  for  the 
subject  without  suggesting  to  him  the  purpose  of  the  experi- 
ment. Obviously  little  can  be  accomplished  by  merely  playing 
a  passage  of  intervals  to  him  for  five,  ten  or  fifteen  minutes,  and 
then  asking  him  to  make  a  judgment  whether  the  consonance  of 
the  interval  has  changed  during  that  time.  Not  only  is  it  im- 
possible to  eliminate  a  certain  amount  of  suggestion  in  such  a 
method,  but  it  is  hopeless  to  expect  anything  that  approaches 
reliability  in  figures  based  on  comparing  pairs  of  impressions, 
one  of  which  is  pretty  well  obliterated  at  the  time  the  judgment 
is  made.  We  may  find  a  clue  to  a  better  method  by  turning  again 
for  a  moment  to  a  consideration  of  the  historical  development 
of  consonance.  Musicians  have  always  agreed^  ^®  that  the  practi- 
cal criterion  of  fully  established  consonance  is  the  suita- 
bility of  an  interval  in  the  final  chord  of  a  cadence.  Now  all 
the  intervals  that  have  so  far  met  this  requirement  have  fulfilled 
it  only  after  having  become  the  most  acceptable  intervals  in 
parallel  passages — parallel  octaves  among  the  Greeks,  parallel 
fifths  and  fourths  in  the  middle  ages,  parallel  thirds  in  more 
modem  times.  The  increase  in  acceptability  as  a  parallel  in- 
terval has  been  such  an  invariable  feature  of  developing  conso- 
nance that  we  may  safely  assume  for  our  present  purposes  that 
the  amount  of  decrease  in  dissonance  may  be  measured  in  terms  of 
this  increase.  But  by  the  same  token,  further  increase  in  fusion, 
once  the  interval  has  become  consonant,  will  be  marked  by  the 
decrease  in  its  acceptability  in  consecutive  parallels.  That  is  to 
say,  the  interval  which  is  just  consonant  is  always  at  the  height 
of  its  effectiveness  for  consecutive  use.  In  becoming  more  con- 
sonant it  becomes  less  available  as  a  parallel  interval. 

We  shall  assume  then  as  the  measure  of  decreased  dissonance 
the  increase  in  the  parallel  value  of  an  interval ;  and,  as  a  measure 
of  the  increased  fusion  or  synthesis  of  an  interval  already  conso- 
nant, the  d'^^'^^^e  in  parallel  value  T'his  u  >y  no  means  an  iden- 
tification (.         -.40"2inrt    *-*  1"     h      .-h#>  :»n     ^ie9cqn+"^cc  of  an 
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interval,  for  we  have  to  do  here  not  with  isolated  intervals,  but 
with  consecutive  parallels. 

As  before  stated,  the  experiment  is  concerned  directly  with  four 
intervals, — ^two  consonances,  the  fifth  and  third ;  and  two  disso- 
nances, the  major  and  minor  seventh.  The  problem  is  to  find  out 
whether  the  prolongation  and  repetition  of  these  intervals  produces 
anything  which  may  be  interpreted  as  a  change  in  their  degree 
of  consonance ;  such  a  change,  we  have  seen,  can  best  be  indicated 
by  the  amount  of  change  in  the  acceptability  of  this  interval  as  a 
parallel.  How  to  determine  the  latter  amount  is  our  next  ques- 
tion. The  general  method  was  that  of  paired  comparison,  with 
each  judgment  graded  by  the  subject  according  to  the  degree  of 
his  preference.  I  began  each  hour  of  experiment  by  making  out 
a  table  of  graded  comparisons  of  the  four  parallel  intervals  in 
question, — to  which  was  added  another,  the  minor  ninth,  in  order 
to  give  a  wider  range  of  comparison.  This  table,  which  served 
as  the  standard  for  the  day,  was  made  up  as  follows :  each  inter- 
val, played  consecutively  in  a  passage  of  seven  parallels,  with 
c'  d'  e'  f  e'  d'  c'  as  the  fundamentals,  was  compared  with  each 
other  one  played  similarly.  The  subject  was  asked,  in  each  case, 
not  only  to  state  his  preference  between  the  two  passages, 
but  also  to  grade  the  strength  of  his  preference  according  to  a 
scale  A,  B,  C,  D,  E.  A  was  to  mean  extremely  strong  preference, 
E  extremely  weak,  while  B,  C,  and  D  were  intermediate  grades. 
An  example  of  the  standard  table  follows: 


VII 


Standard 


3 

5 
7 
VII 

9 


X 

3C 

3B 

3B 

3A 

3C 

X 

SB 

SB 

SA 

3B 

SA 

X 

7C 

7D 

3B 

SB 

7D 

X 

VIIE 

3A 

SA 

7C 

VIIE 

X 

Miss  Martin, 
Dec.  1, 1913 


In  all  these  tables,  3  means  a  passage  of  thirds;  5,  one  of 
fifths;  7,  one  of  minor  sevenths;  VII,  one  of  major  sevenths; 
9,  o"**  '^^  minoT  ninth«     T^he  r^imberq  to  tb^  left  ^f  ^h**  horizontal 
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columns  indicate  the  interval  given  first  in  presenting  a  pair 
for  comparison;  those  at  the  top  of  the  vertical  columns  indi- 
cate the  second  interval  in  the  pair.  Thus  parallel  thirds,  coming 
first,  were  in  this  table  preferred  to  fifths  by  C,  to  minor  sevenths 
by  B,  to  major  sevenths  and  to  minor  ninths  by  A.  Parallel  fifths, 
coming  first,  were  inferior  to  thirds  by  C,  better  than  minor 
sevenths  by  B,  better  than  major  sevenths  by  B,  and  better  than 
minor  ninths  by  A. 

The  interval  under  consideration  for  this  particular  day  was 
the  minor  seventh ;  the  method  was  that  of  prolongation.  After 
having  recorded  the  standard  table,  I  proceeded  to  play  a  passage 
of  parallel  sevenths,  sustaining  each  interval  exactly  one  minute. 
I  did  this  for  five  minutes,  playing  thus  five  intervals  of  a  minor 
seventh.  Immediately  after  this  I  asked  for  new  judgments  of 
preference,  in  which  the  comparison  was  made  only  between  the 
minor  sevenths  and  the  other  parallels.  The  results  of  these 
judgments,  at  the  end  of  five  minutes,  appear  in  the  "first  five 
minute"  table  below. 


VII 


Standard 


5 

7 

VII 

9 


X 

3C 

3B 

3B 

3A 

3C 

X 

SB 

SB 

SA 

3B 

SA 

X 

7C 

7D 

3B 

SB 

7D 

X 

VIIE 

3A 

SA 

7C 

VIIE 

X 

3 
5 
7 


TABLE  TWO 
(after  five  minutes) 
5  7 


VII 


X 

3B 

X 

SB 

3A 

sc 

X 

7C 

7B 

7D 

X 

X 

7B 

X 
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TABLE  THREE 
(after  second  five  minutes) 
3                     5                     7 

VII 

9 

3 

X 

3D 

5 

X 

7E 

7 

3B 

5C 

X 

7B 

7A 

VII 

7B 

X 

X 

9 

7B 

• 

When  we  compare  the  judgments  of  the  sevenths  in  the  stan- 
dard table  with  those  after  five  minutes  of  prolonging  the  inter- 
val, we  find  that  it  has  lost  one  point  to  the  thirds,  has  gained 
two  from  the  fifth  and  three  from  the  minor  ninth.  This  gives 
it  an  increase  in  value  of  +  4  as  compared  with  the  standing  of 
the  seventh  before  prolongation.  Repeating  the  same  process 
for  another  five  minutes,  I  obtained  the  results  in  Table  Three. 
Here  the  minor  seventh  has  gained  two  points  on  the  third,  six 
points  on  the  fifth,  three  on  the  major  seventh,  and  four  on  the 
minor  ninth.  Its  value  in  this  table  is  accordingly  +  1 5  as  com- 
pared with  that  of  the  standard  table. 

This  process  was  repeated  for  a  third  and  a  fourth  period 
of  five  minutes,  sometimes  for  a  fifth,  but  by  this  time  the  sub- 
jects expressed  such  general  discomfort  that  it  seemed  hardly 
likely  that  the  results  could  continue  to  have  the  same  signifi- 
cance, especially  as  the  hour  was  always  nearly  up  at  the  end 
of  the  fourth  trial.  The  use  of  a  fifth  period  was  therefore 
abandoned.  The  only  other  change  in  method  which  took  place 
during  the  course  of  the  experiments  was  in  regard  to  the  length 
of  the  prolongations.  During  the  first  few  weeks  of  the  experi- 
ments I  used  ten-minute  periods,  made  up  of  five  two-minute 
prolongations,  and  obtained  the  same  type  of  results  as  later 
with  the  five-minute  period,  but  the  subjects  indicated  a  far 
greater  satisfaction  in  their  attitude  toward  the  five-minute 
length,  and  it  was  accordingly  adhered  to  regulari>  ^^tp-  the 
first  few  weeks. 
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in  that  each  period,  three  minutes  in  this  case,  was  occupied  not 
with  sustaining  intervals,  but  with  playing  repeatedly  an  entire 
melody  in  parallel  thirds,  fifths,  minor  or  major  sevenths,  as 
the  case  might  be.  The  melody  used  was,  with  the  exception 
of  one  note,  within  the  compass  of  a  sixth,  so  that  the  same 
notes  recurred  with  great  frequency.  Three  minutes  sufficed  for 
four  repetitions  of  the  entire  melody.  The  first  phrase  of  the 
melody,  eight  notes,  was  used  in  making  the  comparison  for 
the  tables.  The  amount  of  positive  or  negative  change  was  de- 
termined, as  before,  by  counting  the  difference  between  A  and 
B  one  point,  between  A  and  C  two  points,  and  so  on.  The 
difference  between  an  E  preference  in  favor  of  an  interval  and 
one  against  it  was  also  counted  one  point.^ 

The  general  tables  which  follow  give  for  each  of  the  four 
intervals  the  average  amount  of  change  from  the  standard  at  the 
end  of  each  successive  period.  In  the  few  cases  where  the 
periods  were  longer  than  five  minutes,  the  result  was  recorded 
in  the  "second  five-minute"  table.  Thus  in  the  case  of  the  first 
subject.  Bridges,  the  only  prolongations  of  minor  sevenths  were 
in  ten-minute  periods.  The  figures  in  each  of  the  five-minute 
spaces  represent  an  average  of  from  one  to  four  experiments. 

I.  The  subjects  were  instructed  to  limit  their  introspection  to  the  graded 
expressions  of  likes  and  dislikes,  unless  something  of  unusual  interest  occurred. 
The  danger  of  accompanying  paired  comparisons  by  abundant  general  intro- 
spection is  shown  very  clearly  in  the  experiments  of  T.  H.  Pear  on  the  major 
and  minor  triad."*  Of  his  five  subjects,  the  three  who  introspected  least  were 
by  far  the  most  self -consistent  His  most  introspective  subject  had  a  co- 
efficient of  consistency  of  27.5  on  a  scale  where  zero  was  perfect  consistency, 
whereas  the  coefficient  of  the  least  introspective  subject  was  3.64.  It  seems 
almost  inevitable  that  the  subject,  in  attempting  to  give  an  account  of  how 
he  arrives  at  his  judgment,  leads  himself  to  judgments  that  would  normally 
not  be  made. 

***  British   Journal   of   Psych.,    191 1,   p.   57. 
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TABLE  X 
Method  of  Prolongation 


Subject 


B 

Consistency  .87 

Dissonance 

Rank  7 


Consistency  .88 

Dissonance 

Rank  5 


Consistency  .76 

Dissonance 

Rank  4 


Consistency  .92 

Dissonance 

Rank  i 


K 

Consistency  .86 

Dissonance 

Rank  6 


Consistency   .78 

Dissonance 

Rank  2 


M 

Consistency  .84 

Dissonance 

Rank  8 


Consistency  .88 

Dissonance 

Rank  9 


Consistency  .71 

Dissonance 

Rank  3 


Interval 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  -sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


Thirds 
Fifths 
Minor  sevenths 
Major  sevenths 


First 
5   Minutes 


—  7 

—  4 

—  I 


+  I 
—    .5 
+  5 
-f  3 


+  3 
+  5 

+  5 


— II 

+  2 
-f  4 
+  8 


—  4 

—  2 

—  .8 

—  3.2 


—  4 

—  4 

+  2 


—  5 

—  I 

+  4 
+  2 


+     .5 

-f  I 

+  6 

+  7 


—  6 

+  2 

+  2.5 

+  4 


Second 
5   Minutes 


—  2 

+  4 
+14 
+  3 


-f  .5 
—  1.3 
+  5.7 


-f  2 
+  3 
+  3 
+  I 


—197 

+  6 

+  9.3 
+15.5 


—  4.9 

—  3.1 

—  2.3 

—  1.5 


—  5 

—  2 

+  4 

+  3 


—  9 
— 12 

+15 
+  4 


-f  .3 

+  .5 

+  2.3 

+  4.5 


—  9.3 

-f  3 

—  1.5 
-f  4 


Third 
5  Minutes 


—  4 
+  9 

+  2 


+    .5 
-f  I 
+  3 
+  5.5 


+  2 
—  I 


+  4 

—15 

+  4 
+  7 
+  8 

—  3-2 

—  1.3 

—  1.8 


—  6 

—  4 


—  9 

—  5 
-I- 10 

+  5 


—  1.5 
+  1.5 
+10.5 

—  I 


—  7 

—  I 

o 

+  7 


Fourth 
5  Minutes 


— 10 

+  8 
+  3 


—  2 
0 

+  5 
+  7.5 

+  3 
0 

+  1 
+  6 

—15 
+  2.5 
+22.2 

+19.8 

-3.8 

—  .5 

+  3 


—  6 

—  8 

+  4 
o 


— 12 

+  4 
+  3 
+  3 

—  2.5 
+  1.5 
+  7.5 
+  3.5 

—  5 
+  2 

+    .5 
+  7 
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TABLE  XI 
Method  of  Repetition 


First 

Second 

Third 

Fourth 

Fifth 

Subject 

Interval 

3  Minutes 

3  Minutes 

3  Minutes 

3  Minutes 

3  Minutes 

B 

Thirds 

—  3 

— 13 

—  7 

—  6 

—  6 

Consistency  .87 

Fifths 

—  6 

—  9 

0 
— 12.5 

—  9.5 

—  7 

Dissonance 

Minor  sevenths 

+12 

-fio 

+  9 

+  10 

+12 

Rank  7 

Major  sevenths 

+  4 

+  5 

+  5 

+  7 

+  4.5 

T 

Thirds 

0 

-h  I 

+  2 

+  3 

+  4 

Consistency  .88 

Fifths 

+  I 

+  I 

0 

0 

—  4 

Dissonance 

Minor  sevenths 

+  4 

-h  4 

-fio 

+10 

+10 

Rank  5 

Major  sevenths 

0 

-h  5 

+  9 

-fio 

+  8 

C 

Thirds 

0 

^ 

—  2 

—  2 

—    I 

Consistency   .76 

Fifths 

—  6 

§ 

— •  5 

—  5 

—  3 

Dissonance 

Minor  sevenths 

0 

+  3 

+  I 

+  7 

+  6 

Rank  4 

Major  sevenths 

-f  2 

-f  2 

+  I 

+  3 

+  7 

G 

Thirds 

—  7 

—  9 

—14 

— 14 

— 17 

Consistency   .9a 

Fifths 

+  r 

+  I 

—  5 

0 

Dissonance 

Minor  sevenths 

+12 

-\-(> 

+  2 

0 

0 

Rank  i 

Major  sevenths 

—  2 

0 

0 

+  2 

+  5 

K 

Thirds 

+  5 

0 

+  I 

—  2 

—  i-S 

Consistency  .86 

Fifths 

+  1.5 

-f  I 

-f-  2 

+    .5 

+  I 

Dissonance 

Minor  sevenths 

+  2 

6 

+  5 

±^ 

Rank  6 

Major  sevenths 

—  4.5 

—  5 

6 

—  5 

L 

Thirds 

0 

—  I 

—  2 

—  2 

—  I 

Consistency   .78 

Fifths 

—  2 

+  6 

-f-  I 

+  I 

—  I 

Dissonance 

Minor  sevenths 

+10 

+  7 

+  5 

+  2 

Xi 

Rank  2 

Major  sevenths 

+  5 

+  6 

-f  5 

+  3 

M 

Thirds 

—16 

—17 

18 

—  4 

—14 

Consistency   ^Fifths 

—  3 

—  2 

—  2 

—  I 

—  I 

Dissonance 

Minor  sevenths 

-f  7 

+13 

+15 

+12 

+  9 

Rank  8 

Major  sevenths 

-f  5 

-f  I 

+  I 

+  4 

+13 

Intenral 


Interval 
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TABLE  XII 

Summary  of  Averages 
Method  of  Prolongation 

First  Second  Third  Fourth 

5  Min     M.V.      5  Min.     M.V.      5  Min.     M.V.     5  Min.      M.V. 


Thirds   

—  2.9 

3.6 

—  6.2 

5.3 

—  4.0 

3.9 

—  6.6 

4wl 

'j**j 

Fifths    

—     3 

24 

—    .5 

3.9 

+    A 

4.2 

+    .9 

28 

Minor  sevenths  .... 

+  3.0 

1.9 

+  4.0 

4.7 

+  5.0 

3.8 

+  8.5 

5.3 

Major  sevenths 

+  2.1 

2.8 

+  4.3 

2.9 

+  2.5 

3.1 

+  7.5 

5.0 

TABLE  XIII 
Method  of  Repetition 

First  Second  Third  Fourth  Fifth 

3  3  3  3  3 

Min.  M.V.  Min.  M.V.  Min.  M.V.  Min.  M.V.  Min.  M.V. 


Thirds    

—  3.0 

5.7 

—  6.0 

6.0 

—  5.1 

6.2 

—  3.9 

3-7 

—  5.2 

6.1 

Fifths  

-  1.9 

2.6 

—  M 

4.2 

—  3.0 

4.1 

—  2.0 

3.0 

—  2.5 

2.2 

Minor  sevenths  

+  6.7 

4.0 

+  5.3 

4.2 

+  6.7 

3.9 

+  6.4 

3.8 

+  6.8 

34 

Maior  sevenths  

+  14 

32 

+  2.0 

2.7 

+  2.1 

3.6 

+  3'Z 

3.2 

+  5.3 

3.5 

The  above  results  are  represented  graphically  in  the  tables 
which  follow.  The  last  of  these  tables,  number  XXII,  is  made 
from  the  statistics  of  C.  W.  Valentine^  ^**  concerning  the  onto- 
genetic development  of  interval  preferences.  Reference  is  made 
to  it  later  in  the  discussion. 


Interpretation  of  Results 

It  will  be  seen  at  a  glance  that  whether  we  use  the  method 
of  prolongation  or  of  repetition,  certain  very  characteristic  ten- 
dencies appear  for  each  of  the  four  intervals.  The  third  loses 
rapidly,  the  minor  seventh  gains  equally  rapidly,  the  fifth  main- 
tains a  fairly  constant  level,  the  major  seventh  rises  in  value, 
but  less  rapidly  than  the  minor  seventh.  It  cannot  be  said  that 
these  changes  are  merely  cases  of  a  general  adaptation  which 
levels  the  distinction  of  pleasant  and  unpleasant.  If  this  were 
true  we  should  expect  the  greatest  positive  values  in  the  case 
of  the  major  seventh  parallels,  which  are  distinctly  more  dis- 
agreeable  than   those  of  the   minor  seventh.      But  the  minor 
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seventh  actually  has  an  average  rise  of  5.8  points  as  against  3.4 
for  the  major  seventh.  Moreover,  the  lowest  individual  aver- 
age value  of  the  major  sevenths, — 3.1,  was  obtained  in  the  case 
of  a  very  "consonant"  subject,  Kellogg,  who  expressed  the  strong- 
est distaste  for  them  at  the  outset.  And,  further,  the  highest 
average  positive  value  for  the  same  interval,  +  lo.o,  was  ob- 
tained from  the  most  "dissonant"  subject,  Givler,  whose  per- 
sistent bias  in  that  direction  we  saw  in  the  preliminary  experi- 
ments on  resolutions.  Any  argument  to  the  effect  that  the 
processes  which  we  have  been  describing  merely  tend  to  reduce 
affective  differences  is  set  at  naught  by  the  fact  that  there  were 
actually  132  cases  in  which  the  minor  seventh,  after  being  judged 
inferior  to  the  fifths  or  thirds  in  the  standard  table,  was  judged 
better  in  the  prolongation  or  repetition  tables.  Thus  Givler, 
after  four  five-minute  prolongations  of  the  minor  seventh,  pre- 
ferred such  parallels  to  any  others;  and  remarked  that  to  him 
they  then  seemed  less  like  dissonances  than  like  very  full  in- 
teresting consonances.  His  is,  of  course,  an  extreme  case,  but 
extreme  only  in  exhibiting  more  of  the  same  tendencies  which 
others  manifest  to  a  less  degree. 

Clearly  the  particular  form  of  adaptation  manifested  here 
is  most  readily  accounted  for  by  the  interpretation  that  a  dis- 
sonance, when  prolonged,  becomes  more  suited  for  consecutive 
use;  that  is  to  say,  more  perfectly  synthesized,  in  short,  more 
nearly  consonant.  And  since  the  region  of  highest  affective 
value  for  an  interval  is  the  barely  consonant  region,  we  may 
expect  the  most  rapid  increase  of  value  in  that  dissonance  which 
is  nearest  this  region;  namely,  the  minor  seventh.  We  actually 
find  this  to  be  the  case  almost  without  exception.  We  further 
expect  to  find  the  most  rapid  decline  in  the  case  of  prolonged 
thirds,  since  they  have  reached  their  maximum  value  on  becoming 
just  consonant.  This  also  is  obviously  indicated  in  the  results. 
The  fifth,  being  a  more  established  consonance  than  the  third,  and 
therefore  nearer  its  limit  of  synthesis,  we  should  expect  to  show 
a  lower  initial  value  than  the  third,  but  a  correspondingly  greater 
stability  in  resisting  the  effects  of  repeated  hearing.  This  is 
borne  out  by  the  result '      ^^  I'^n  pro^ong-^d,  "^he  ^hY  -"han^es 
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almost  not  at  all;  when  repeated,  it  declines,  but  much  more 
slowly  than  the  third.  If  this  experiment  had  been  made  on  a 
ninth  century  subject,  we  might  have  expected  a  very  rapid 
decline  of  the  fifth  and  rise  of  the  third. 

The  fifths  give  in  one  or  two  cases  certain  curious  results 
which  call  for  especial  consideration.  The  highest  values  regu- 
larly assigned  to  them  in  the  standard  tables  were  given  by 
Givler  and  Kellogg,  both  violinists.  Kellogg  ranked  them  very 
nearly  equal  to  the  thirds  at  the  outset,  and  gave  a  slight  posi- 
tive change  after  repetitions,  a  slight  negative  change  after 
prolongations.  There  was  nothing  unusual  in  this  except  in  the 
high  initial  value;  but  Givler  always  preferred  the  fifths  to  the 
thirds  at  the  outset,  and  liked  them  still  better  after  prolonga- 
tion! His  average  prolongation  value  for  fifths  was  +  3.4. 
When  asked  to  introspect  his  attitude  toward  them,  he  stated  that 
to  him  they  seemed  to  have  more  masculine  quality  than  the 
thirds;  also  that  he  felt  less  jar  of  movement  in  a  passage  of 
fifths  than  in  one  of  thirds.  Further,  the  fifth  seemed  so  uni- 
fied and  self-sufficient  that  he  did  not  think  of  it  as  empty. 

This  suggests  very  strongly  the  existence  of  a  second  stage 
in  the  development  of  aij  interval  after  its  consonance  has  been 
well  established,  a  stage  in  which  it  is  apprehended  by  the 
hearer  less  as  an  interval  and  more  as  a  reinforced  unison.  In 
this  new  capacity  it  is  capable  of  taking  on  a  new  lease  of  in- 
terest. Further  experiments  will  be  necessary  in  order  to  de- 
termine the  existence  of  such  a  secondary  transition  from  empty 
interval  to  full  unison.  For  the  present  the  only  evidence  at  hand 
is  the  comparison  of  the  fifths  with  the  octave.  Statistics  by 
C.  W.  Valentine^ ^'^*  on  62  men  and  84  women  indicate  that  in 
immediate  pleasantness  the  octave  is  ranked  by  the  men  second 
among  all  musical  intervals,  preceded  only  by  the  major  third; 
women  rank  it  fourth,  preceded  only  by  the  thirds  and  major 
sixth.  In  both  cases  it  has  a  distinctly  better  value  than  the  fifth, 
although  it  is  distinctly  the  more  consonant  of  the  two.  The 
stage  of  consonance  which  lies  between  the  fifth  and  the  octave 
thus  appears  to  be  marked  at  some  point  by  an  increase  in  affective 

"*^0o   cit. 
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value.  A  fairly  adequate  idea  of  the  changes  which  take  place 
in  the  affective  value  of  the  octave  and  fifth  between  childhood 
and  maturity  may  be  obtained  by  examining  in  Table  XXVII 
the  graphic  representation  of  some  of  Valentine's  statistics.  He 
obtained  two  widely  different  groups  of  results,  one  from  elemen- 
tary school  children,  and  the  other  from  girls  in  a  preparatory 
school.  His  object  was  to  grade  the  intensity  of  likes  and  dislikes 
for  all  the  musical  intervals  at  the  different  ages  between  six  and 
fourteen.  The  judgments  given  by  his  elementary  school  chil- 
dren are  too  chaotic  to  offer  any  sort  of  conclusive  evidence. 
These  children  of  the  ages  of  six  and  seven  "liked"  all  the  in- 
tervals, "liked"  them  all  very  much  the  same,  but  the  major 
seventh  was  preferred  to  the  major  sixth !  Either  the  real  facts 
were  obscured  by  the  inability  of  the  subjects  to  conform  to  the 
simple  requirements  made  of  them,  or  else  their  likings  were 
for  mere  noise  as  such.  The  second  gp'oup,  the  girls  in  the  pre- 
paratory school,  were  apparently  in  every  way  more  alert  than 
the  first.  Valentine  says  of  them,^^*  These  children  took  a  very 
keen  interest  in  the  tests,  and  most  of  them,  even  the  very  young- 
est, seemed  very  decided  in  their  judgments."  It  sems  there- 
fore probable  that  the  results  given  by  these  girls  between  the 
ages  of  nine  and  fourteen  will  represent  to  a  certain  degree  the 
affective  changes  that  take  place  during  that  period.  His  results 
for  these  years,  combined  with  the  statistics  on  adults,  are  rep- 
resented graphically  in  the  table.  They  show  a  general  rise  of 
the  minor  and  major  seventh,  and  a  general  decline  of  the  major 
third  from  the  age  of  nine  to  maturity.  The  fifths,  with  the  ex- 
ception of  a  marked  fluctuation  at  the  age  of  twelve,  shows  a 
slow  and  continuous  increase  up  to  maturity.  The  octave  shows 
a  marked  rise  between  the  ages  of  nine  and  thirteen,  followed 
by  a  decline  from  then  until  maturity.  These  results  offer  in 
general  a  significant  parallel  to  my  prolongation  tables,  and  in 
addition  point  to  the  existence  of  the  particular  kind  of  devel- 
opment in  the  fifth  and  octave  which  we  have  found  suggested  by 
ny  results  in  one  subject.    That  is,  the  incre^sf  ^f  the  value  of 
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subject,  both  alike  indicate  that  when  the  unity  of  the  developed 
consonance  has  reached  a  certain  completeness,  its  effect  may 
become  enhanced  by  its  increased  dynamic  value.  The  octave, 
which  doubles  the  melody,  and  the  fifths,  used  in  organ  mixtures, 
have  acquired  a  new  kind  of  interest  in  their  capacity  of  re- 
enforcing  the  fundamentals.  But  let  the  octave  or  fifth  be  appre- 
hended as  an  adhesion  of  two  separate  tones,  as  in  the  consecutive 
octaves  and  fifths  of  four  part  harmony,  and  the  result  is  a  most- 
disagreeable  barrenness. 


CHAPTER  VI 
Conclusion 

The  facts  obtained  in  the  foregoing  exi)eriment,  as  well  as 
those  of  musical  history,  favor  the  assumption  that  the  degree 
of  consonance  increases  as  a  result  of  the  frequency  with  which 
an  interval  is  heard.  Moreover,  each  interval,  in  its  development 
from  dissonance  to  a  high  degree  of  consonance,  undergoes  a 
characteristic  affective  development  corresponding  to  the  dif- 
ferent stages  in  its  course.  There  is  a  continuous  rise  in  affec- 
tive value  as  we  pass  from  the  extreme  to  the  slight  dissonance ; 
the  bare  consonance  possesses  the  highest  pleasantness  of  all 
intervals,  but  increasing  consonance  means  for  it  a  marked  affec- 
tive decline,  until  we  reach  the  point  where  the  interval  gives 
the  effect  of  a  true  unison,  intensified  dynamically ;  at  this  point 
follows  a  second  affective  rise,  but  by  no  means  so  great  as  that 
which  marks  the  transition  from  dissonance  to  consonance.  It 
goes  without  saying  that  the  inherent  affective  quality  of  an 
interval  may  be  greatly  changed  by  the  presence  of  such  contribu- 
tory factors  as  enter  into  any  system  of  harmonic  relations  but 
this  fact  does  not  alter  the  fundamental  fact  that  each  consonance 
degree  has  its  characteristic  affective  value. 

The  phenomenon  of  consonance,  if  the  theory  here  advanced 
is  right,  is  a  special  case  of  the  adjustment  of  the  inner  to  the 
outer  relations.  The  nervous  system,  by  a  form  of  activity  that 
tends  with  each  repetition  to  become  more  simple  and  economical, 
gradually  affects  the  synthesis  of  more  complex  physical  relations. 
The  affective  aspect  of  the  various  stages  of  this  process  becomes 
more  explicable  when  we  consider  that  consciousness  is  most 
vividly  present  where  new  adjustments  are  being  made.  Where 
a  synthesis  has  been  accomplished  so  often  as  to  be  affected  with 
ease,  as  in  the  case  of  the  fifth,  the  output  of  consciousness  is 
low  as  compared  with  that  involved  in  synthesizing  the  third, 
where  the  accomplishment  is  relatively  difficult.    Now  according 
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to  Professor  Fite,^^"^  whose  view  I  accept,  the  whole  question  of 
pleasure-pain  is  to  be  referred  to  the  same  conflicts  which  occa- 
sion consciousness.  To  quote  from  him :  "Not  only  is  conflict  a 
condition  of  consciousness,  but  it  is  especially  a  condition  of 
pleasure-pain.  .  .  .  Pleasure  is  succeeding,  pain  is  failing  in  the 
process  of  resolving  a  conflict."^^®  Using  as  an  illustration  a 
game  of  tennis,  or  of  chess,  he  says:  "All  the  feeling  lies  be- 
tween two  points — between  that  at  which  your  opponent  becomes 
strong  enough  to  offer  appreciable  resistance  and  that  at  which 
he  becomes  so  strong  that  any  effort  on  your  part  is  futile.  If 
your  opponent  is  too  weak,  struggle  is  unnecessary;  if  he  is  too 
strong,  struggle  is  useless."^^®  In  another  passage  he  says  to  the 
same  effect, — "There  is  certainly  a  more  intense  pleasure  in  re- 
moving a  stubborn  obstacle  than  a  pliant  one.  Pleasure  depends 
not  merely  upon  the  prosperity  of  our  undertakings,  but  upon  the 
size  of  them,  as  estimated  by  the  difficulties  presented."^^®  This 
last  sentence  presents,  I  think,  exactly  the  point  of  view  which  we 
must  carry  to  the  consideration  of  the  varying  pleasurability  of 
various  intervals.  It  is  thus  that  we  can  understand  why  dif- 
ferent periods  of  history,  different  peoples  of  the  same  period  of 
history,  and  the  same  individual  at  different  periods  of  his  own 
development  can  g^ve  such  different  accounts  of  the  same  interval. 
We  may  say  that  the  fifth  was  the  most  pleasurable  of  all  in- 
tervals for  the  ninth  century  hearer  because,  in  the  conflict  which 
his  synthesizing  mind  waged  against  the  complexity  of  physical 
relations,  he  was  just  able  to  succeed  with  the  2 : 3  ratio.  The 
third,  4:  5,  was  slightly  too  difficult,  but  not  so  much  as  to  dis- 
courage further  hearing,  especially  if  it  could  be  immediately 
followed  by  a  fifth.  With  a  further  advance,  due  to  repeated 
hearing,  the  fifth  becomes  a  relatively  uninteresting  affair, 
whereas  the  third,  which  can  just  be  unified,  acquires  a  tremen- 
dous vogue.    Hence  the  amazing  fondness  for  thirds  at  the  time 

of  Monteverde,  hence  the  high  value  of  the  third  for  the  young 
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child  of  to-day,  hence  the  rapid  decline  of  the  third  when  heard 
with  great  frequency  by  the  adult  to-day.  The  minor  seventh, 
we  may  suppose,  was  almost  discouragingly  complex  for  the 
hearer  in  the  tenth  century, — as  for  Valentine's  nine-year-old 
girls  who  gave  it  a  value  of  —  44  as  compared  with  +  52  for  the 
major  third.  But  with  more  and  more  frequent  hearing  it  has 
been  attacked  with  nearer  success.  Its  rapid  gain  in  my  experi- 
ments is  most  clearly  understood  if  we  consider  the  5 : 9  ratio  as 
a  tonal  adjustment  not  quite  completely  successful.  That  it  will 
later  rank  among  the  consonances  we  can  scarcely  doubt,  if  past 
successes  are  any  index  to  the  future.  When  it  does  become  so, 
it  will  be  the  most  pleasurable  of  all  intervals,  since  its  unification 
will  make  more  demands  on  the  mind  than  that  of  any  of  the 
other  consonances.  Exactly  the  same  is  to  be  said  for  the  major 
seventh.  At  first  it  is  disheartening  in  the  opposition  it  offers 
to  synthesizing  activity,  but  the  change  that  takes  place  with 
repeated  hearing  is,  as  a  rule,  definitely  positive.  Certainly  it 
will  take  thousands,  perhaps  hundreds  of  thousands,  of  hearings 
to  bring  it  about  that  its  impression  will  be  distinctly  less  dis- 
sonant than  at  present,  but  this  is  no  reason  for  assuming  that  it 
will  mark  any  exception  to  the  law  of  consonance  evolution. 

What  limits  may  we  expect  to  the  type  of  development  here 
set  forth  ?  This  is  in  effect  the  question  asked  in  the  introduction 
of  the  discussion.  An  answer  is  suggested  by  the  following 
passage  from  Professor  Kite :  "Where  an  equilibriimi  has  been 
reached  it  is  certain  to  be  disturbed  by  the  coming  to  conscious- 
ness of  further  capacities  which  call  for  further  realization.  .  .  . 
The  conflict  is  brought  about  by  the  increasing  demands  of  the 
life  purpose  as  opposed  to  the  conditions  that  stand  in  the  way  of 
its  realization,  and  the  resolution  of  the  conflict  means  that  the 
obstructions  are  either  removed  or  discovered  to  be  definitely 
insurmountable. "^^^  Applying  the  same  principle  to  that  form 
of  equilibrium  which  is  experienced  as  consonance,  we  may  say 
that  there  is  no  reason  to  expect  that  any  one  consonance-dis- 
sonance division  will  ever  be  ultimate.     As  soon  as  our  tonal 
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necessarily  to  pass  on  to  those  that  are  a  little  more  complex. 
The  reduction  of  old  consonances  to  emptiness,  the  establishment 
of  new  dissonances  as  consonances,  this  seems  to  be  the  typical 
form  of  a  development  to  which  it  is  impossible  to  set  any  limit. 
To  be  sure,  there  are  certain  tonal  combinations  which,  to  our 
present  consciousness,  mean  only  insurmountable  difficulty.  For 
example,  if  all  the  notes  on  a  piano  be  struck  at  once,  the  effect 
is  not  even  one  of  unpleasantness;  it  is  musically  insignificant. 
The  case  is  comparable  to  that  described  by  Professor  Fite 
in  which  the  resistance  to  be  overcome  is  so  strong  that  any 
effort  is  futile.  This  is  an  altogether  different  kind  of  ex- 
perience from  that  of  the  harsh  dissonances,  such  as  the  major 
seventh,  for  in  experiencing  the  latter  the  hearer  pits  himself 
against  them;  his  mind  tries  to  synthesize  them;  he  fails,  and 
experiences  excruciating  displeasure.  But  as  these  extremely 
harsh  intervals  become  gradually  more  acceptable,  we  must  sup- 
pose that  more  and  more  of  what  now  passes  for  chaotic  jiuii- 
ble  will  become  significant, — always  painfully  significant  at  first; 
and  the  direction  of  this  progress  will  be  from  the  more  simple 
to  the  more  complex  mathematical  ratios. 

There  remains  the  question  whether  the  practical  limits  set 
by  a  particular  system  of  harmony  may  not  cut  short  an  other- 
wise limitless  progress.  Stumpf  touches  on  this  question,  in  his 
article  entitled  "Konsonanz  und  Konkordanz."^^^  He  maintains 
here,  as  elsewhere,  that  the  difference  between  a  consonant  and 
dissonant  interval  is  a  difference  only  of  degree,  and  he  admits, 
on  different  grounds  from  those  which  I  have  set  forth,  the 
possibility  of  an  indefinite  increase  in  the  number  of  intervals 
that  will  be  included  among  the  consonances.^^®  He  accordingly 
atempts  to  explain  the  specific  opposition  of  consonant  and  dis- 
sonant combinations,  not  as  belonging  to  the  common  funda- 
mentals of  music,  but  only  to  the  developed  products  of  the 
harmonic  epoch.  The  distinction  of  consonance  and  dissonance, 
which  he  limits  in  application  to  intervals,  is  gradual  and  suscepti- 
ble to  continuous  change ;  but  the  distinction  of  concord  and  dis- 
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cord,  which  he  applies  to  chords  formed  according  to  a  particular 
structure  principle,  is  one  that  will  continue  unaffected  by  the 
gradually  enlarged  scope  of  consonant  intervals.  Thus, — "Kon- 
sonanz  und  Dissonanz  sind  nur  graduell  verschieden,  und  es  kann 
der  Grenzstrich  an  verschiedenen  Punkten  der  Riehe  gele^ 
werden.  Dagegen  Konkordanz  und  Diskondanz  sind  spezifisch 
verschieden,  und  es  giebt  keinen  Ubergang  und  keine  Zwischen- 
stufe,  sondern  nur  ein  Entweder-Oder.''^^* 

The  structure  principle  according  to  which  Our  present  system 
of  concord  has  developed  is,  says  Stumpf,  that  of  selecting  as  a 
fundamental  chord  basis  the  greatest  possible  number  of  conso- 
nant intervals  within  the  octave,  taking  them  progressively  ac- 
cording to  their  grades  of  consonance,  from  the  stronger  to  the 
weaker  degrees.  Thus  in  the  octave  c-c'  we  proceed  from  c  first 
to  the  most  consonant  interval,  the  fifth,  g;  then  to  the  third, 
e  or  eK  We  thus  obtam  as  fundamental  elements  the  triads 
c-e-g,  and  c-el'-g.  By  repeating  the  same  process  with  the  two 
notes  most  consonant  with  c,  namely  g  and  f ,  we  obtain  the  addi- 
tional triads,  g-b-d,  and  f-a-c.  With  these  we  have  the  material 
for  the  whole  of  our  present  scale.  Secondary  triads  are  now 
formed  on  every  note  on  the  scale,  and  thus  furnish  the  chro- 
matic elements  with  which  the  concordant  triads  can  be  ration- 
ally altered.  A  concord  is  a  pure  triad  form;  that  is,  a  tonal 
construction  according  to  the  principle  of  the  maximal  number  of 
tones  within  an  octave  that  can  be  consonant  with  the  f imdamental 
and  with  each  other,  when  the  consonances  are  arranged  in  order 
from  the  stronger  to  the  weaker.  A  discord  is  a  rationally  altered 
concord;  that  is,  a  tonal  construction  in  which  a  triad,  by  the 
substitution  or  addition  of  chromatic  elements,  thus  progresses 
more  necessarily  and  fluently  to  another  related  triad. 

The  above  scheme,  which  is  worked  out  with  great  consistency 
by  its  author,  offers  a  solution  to  many  theoretical  difficulties, 
especially  to  the  question  why  a  consonant  interval  may  sound 
either  concordant  or  discordant  according  to  its  musical*  context. 
It  is,  in  fact,  the  only  attempt  up  to  the  present  which  adequately 
explains  the  e^te*^     ^^  wV»!ch  oir  r^^-^acijire  f»"d  di^^pleasure  can 
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emancipate  themselves  from  the  merely  sensory  factors  in  musical 
combinations.  But  is  not  clear  that  even  this  well  grounded 
opposition  of  concord  and  discord  is  one  whose  foundation  ele- 
ments will  not  undergo  a  further  evolution.  It  is  arbitrary  to 
assume  that  the  maximal  number  of  consonances  available  for 
the  construction  of  concords  will  always  be  the  particular  number 
at  present  in  use.  Stumpf  is  at  considerable  pains  to  justify  his 
exclusion  of  the  natural  seventh,  4 : 7,  from  his  original  interval 
elements.  He  gives  two  arguments  for  building  his  system  on  the 
triad  4:5:6,  rather  than  on  a  chord  of  four  notes,  4:5:6:7. 
First,  the  chord  4:5:6:7,  when  played  with  the  third  a  minor, 
would  give  a  noticeable  dissonance,  20 :  24 :  30 :  35,  since  the  fifth 
24 :  35  varies  too  widely  from  the  pure  fifth  24 :  36.  Second,  the 
modem  scale,  formed  from  triads  of  the  more  perfect  conso- 
nances, has  already  established  as  its  seventh  the  dissonant  5 : 9. 
The  intrusion  of  the  4 :  7  would  only  cause  disagreeable  confusion 
of  the  5 : 9  and  4:7;  and,  since  the  5 : 9  already  has  the  right  of 
way,  the  4:  7  is  rejected  altogether. 

But  what,  we  may  ask,  is  to  be  expected  when  the  5 : 9  also 
becomes  a  consonance  ?  The  argument  from  the  necessary  dualism 
of  major  and  minor  will  no  longer  hold  good,  since  with  the 
5 : 9  as  seventh  the  minor  chord  c-e  ''-g-b  ^  oflfers  even  less  dif- 
ficulty than  the  major.  In  fact,  the  same  chord,  a-c-e-g,  is  treated 
almost  as  a  concord  by  Leoncavallo  in  "Pagliacci."  Likewise  the 
argument  from  the  confusion  of  sevenths  will  cease  to  obtain, 
since  the  new  consonance  in  question  will  be  an  element  already 
contained  in  the  scale.  If  our  system  of  harmony  is  to  continue 
to  be  as  rational  as  Stumpf  makes  it  out  to  be  at  present,  then 
the  advent  of  the  5 : 9  as  a  universally  accepted  consonance  will 
necessitate  the  reconstruction  of  the  whole  system  of  harmony 
on  the  basis  of  a  chord  of  four  instead  of  the  triad  4:5:6. 

We  must  conclude,  then,  that  the  present  opposition  of  concord 
and  discord  is  alterable  for  the  same  reasons  as  those  that  obtain 
for  the  opposition  of  consonance  and  dissonance.  The  only 
difference  is  that  the  latter  rests  on  isolated  sensory  experience 
whereas  the  former  is  an  antagonism  which  has  been  organized 
into  a  complete  system      It  will,  therefore,  oflfe'*  a  trernendous 
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resistance  to  anything  that  makes  for  upheaval.  But,  if  the 
point  of  view  that  has  been  maintained  here  is  a  sound  one,  we 
must  expect  that  our  whole  system  of  harmony  will  gradually 
come  to  reflect  whatever  changes  occur  in  the  consonance  degrees 
of  its  constituent  intervals ;  and  this  latter  type  of  change,  we  have 
seen,  is  one  to  which  no  limit  can  be  set. 
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THE  EFFECT  OF  PSYCHO-PHYSICAL  ATTITUDES 

ON  MEMORY 

By  William  D.  Tait 

I,     Introduction 

THE  investigation  to  be  described  was  conducted  in 
the  Harvard  Psychological  Laboratory  during  a 
period  of  two  years.     Nine  subjects  took  part  in 
the   experiments  during  the  greater  part  of  the 
first  year  and  nine  during  the  greater  part  of  the  second  year. 
Five  were  common  to  both  periods,  and  all  were  members 
of  the  laboratory. 

This  work  is  not  quite  the  same  as  the  orthodox  memory 
experiment,  but  was  suggested  by  the  following  facts  well 
known  to  all  psychologists.  It  is  found  that,  due  to  some 
sudden  shock,  whether  emotional  or  physical,  one  or  both 
of    the    following    may    happen. 

1.  The  most  recent  events  just  preceding  the  shock 
may  be  lost,  or 

2.  Those  events  immediately  after  the  shock  may  be 
lost. 

Both  of  these  may  occur  in  any  instance  or  only  one. 
The  latter  is  usually  the  more  common  and  even  where  both 
occur  this  loss  is  more  extensive. 

Time  was  when  psychologists  considered  the  abnormal 
individual  as  something  totally  different  from  the  normal 
type,  but  to-day  matters  have  changed,  and  there  is  a  grow^ 
ing  belief  and  conviction  that  there  are  no  strong  demarca- 
tion lines,  and  that,  in  general,  the  abnormal  case  only  shows 
very  exaggerated  conditions  of  what  is  found  in  the  normal 
individual.  On  account  of  the  absence  or  comparative 
absence  of  this  exaggeration  we  say  that  the  normal  person 
is  better  balanced.  Sanity  and  insanity  are  then  relative 
terms.  The  whole  question  is  one  of  proportion,  which  is 
decided  by  fitness  to  meet  environment. 

More  particularly,  then,  an  attempt  will  here  be  made  to 
see  how  far  the  memory  of  the  normal  individual  is  in- 
fluenced by  shocks;  to  determine  the  influence  of  pleasant 
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and  unpleasant  feelings  on  memory;  to  see  how  different 
kinds  of  ideas  crowd  one  'another  out;  to  find  out  some  of  the 
factors  which  have  an  influence  on  memory  after  impressions 
have  been  received,  and  to  discover  if  possible  the  signifi- 
cance of  this  after  period.  Further,  if  it  be  found  that  to  all 
appearances  some  impressions  are  forgotten  on  account  of 
some  particular  filling  of  the  after-period,  can  some  or  all  of 
them  be  recovered? 

This  outlines  the  general  field.  Needless  to  remark,  no 
complete  answer  is  given,  but  it  may  open  up  new  ground 
in  a  somewhat  neglected  field. 

Some  years  ago  the  aim  of  the  experimental  psycholo- 
gist was  to  find  out  general  laws,  and  little  stress  was  given 
to  individual  differences,  but  now  there  is  a  growing  ten- 
dency to  see  in  these  seemingly  small  differences  powerful 
factors  in  deciding  the  make-up  of  the  individual.  In  what 
follows  there  are  some  things  which  are  common  to  all,  and 
some  strictly  individual,  and  of  these  individual  differences 
some  are  and  some  are  not  explained. 

II.   Method  and  Material 

For  the  most  part  words  were  the  material  used.  They 
were  arranged  in  lists  of  twenty.  In  some  cases  the  words 
forming  a  list  were  associated  with  one  another  and  in  other 
cases  they  were  detached  or  isolated.  Some  lists  were 
made  up  of  pleasant  or  unpleasant  words  respectively,  and 
in  some  experiments  colors  were  used.  The  method  con- 
sisted of  a  combination  of  reproduction  and  recognition, 
except  in  the  case  of  colors,  where  recognition  alone  was 
employed. 

These  lists  of  twenty  words  were  read  to  the  subject 
in  an  even  tone  and  with  great  regularity.  (Timed  to  the 
tick  of  a  stop-watch.)  This  required  practice  and  hence 
for  a  considerable  period,  at  first,  no  results  were  counted. 
The  subject  was  instructed  to  reproduce  the  words  remem- 
bered at  a  given  signal,  and  the  time  was  taken  with  a  stop- 
watch from  the  giving  of  the  signal  until  the  subject  uttered 
the  first  word.  As  mentioned  above,  the  filling  of  this  period 
after  the  reading  of  the  words  and  the  giving  of  the  signal 
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was  varied  as  will  be  described  under  the  head  of  each  experi- 
ment. The  receptive  attitude  of  the  subject  was  also  varied 
in  the  different  experiments  —  sometimes  it  was  passive, 
and  at  other  times  he  was  told  to  remember  in  an  active 
way.  The  conditions  of  the  experiment  also  varied  the 
receptive  attitude  in  an  objective  way. 

III.     Experimental 

The  first  study  to  be  taken  up  is  the  influence  of  the 
feelings  of  pleasantness  and  unpleasantness  on  memory. 
This  is  not  altogether  new,  but  it  has  an  important  bearing 
on  other  experiments,  and  the  subject  was  approached  in  a 
somewhat  difi'erent  way,  not  altogether  agreeing  with  the 
work  of  some  other  experimenters.  This  problem  was 
investigated  in  three  difi'erent  ways. 

1.  Lists  of  words  used  to  test  memory  were  either 
pleasant  or  unpleasant. 

2.  Neutral  lists  with  the  after-period  filled  in  by  some- 
thing pleasant  or  unpleasant. 

3.  Recognition  of  colors. 

(1)  Lists  of  twenty  words  each  were  read  to  the  sub- 
jects, and  three  kinds  or  classes  of  lists  were  used.  In  one, 
the  words  composing  the  list  were  pleasant,  optimistic, 
cheerful;  in  a  second,  unpleasant,  pessimistic,  cruel;  while  in 
the  third  the  words  were  as  devoid  of  feeling  tone  as  possible. 
In  none  of  the  lists  were  the  words  purposely  associated. 
The  experiment  in  this  connection  covered  a  period  of  three 
weeks,  and  eleven  subjects  took  part;  they  were  instructed 
not  to  use  any  artificial  means  of  remembering  the  words 
or  to  form  any  associations,  but  simply  to  take  the  words  as 
they  came,  let  them  drop  in  and  see  how  many  remained. 

Fig.  I  shows  the  results  in  graphic  form.  The  ordinate 
shows  the  number  of  words  remembered  out  of  twenty. 
U=  unpleasant    list,     P=  pleasant    list,     I=indifi'erent    list. 

The  lower  lines  represent  the  time  from  the  giving 
of  the  signal  until  the  subject  uttered  the  first  word.  Each 
point — U,  P,  I — represents  the  average  number  of  words  re- 
membered by  eleven  subjects.  Curves  for  each  of  the 
three   weeks   are   given.     Fig.    II   is   an   individual   record 
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chosen  more  or  less  at  random.     Fig.  Ill  gives  the  average 
results  grouped. 

The  obvious  conclusion  is  that  the  pleasant  words  are 
remembered  better  than  the  unpleasant  or  indifferent.  The 
last  week  is  an  apparent  exception  because  the  supposed  in- 
different list  was  not  indifferent  for  over  half  the  subjects. 
It  is  also  worthy  of  note  that  the  unpleasant  words  are  re- 
membered better  than  the  indifferent.  It  will  also  be  seen 
that  the  time  is  shorter  in  cases  where  there  are  more  words 
remembered,  that  is,  the  time  is  shortest  in  the  case  of  the 
pleasant  words  and  longest  in  the  case  of  the  indifferent. 
This  is  in  agreement  with  the  results  of  Bigham,  viz.,  that 
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the  quicker  the  memory,  the  better  it  is,  or  the  better  it  is, 
the  quicker  it  is.  One  limitation  must  be  made  to  that 
statement.  We  must  always  distinguish  between  immediate 
and  retentive  memory.  Immediate  memory  is  better,  the 
quicker  it  is,  but  this  is  by  no  means  necessarily  true  of 
retentive  memory. 

In  only  one  subject  were  the  unpleasant  words  remem- 
bered better  than  the  pleasant  ones,  and  as  this  is  not  re- 
garded as  an  exception  it  will  be  discussed  later. 

The  introspection  is  in  substantial  agreement  with  the 
objective  results. 

Introspection  on  pleasant  lists.  "Words  isolated  and 
disconnected  and  yet  they  were  easy  to  remember." 

"List  seemed  on  the  bright  side  of  life  and  easy  to 
remember." 

"List  seemed  optimistic  and  easy  to  remember." 

"Considerable  emotion  was  an  aid  in  the  case  of  four  or 
five  words.  No  negative  influence  of  emotion.  Words  did 
not  inhibit  one  another  as  in  the  case  of  the  unpleasant  list." 

"Words  had  an  emotional  tinge  and  easy  to  remember." 

"No  emotion." 

"Some  emotion  connected  with  this  list,  especially  the 
word  *hero,'  which  hauled  other  words  along  with  it.  Easier 
to  remember  than  the  last  list  (unpleasant)." 

"More  emotion  connected  with  this  list  than  with  the 
Other,  and  remembered  more  easily." 

"Ill-defined  feeling  of  satisfaction.  This  was  a  de- 
cided aid." 

Introspection  on  unpleasant  lists.  "The  words  which 
are  remembered  stand  out  prominently  and  inhibit  others." 

"Decided  enotional  coloring." 

"Vivid  emotion,  words  seemed  to  crowd  one  another 
out." 

"Not  conscious  of  any  emotion." 

"No  emotion.  Words  remembered  stood  out  in  relief 
and  inhibited  others.     This  was  very  noticeable." 

"No  emotion.  Words  remembered  stood  out  clearer 
than  the  other  words,  so  clear  that  they  seemed  to  inhibit 
other  words." 

"Some  emotion." 


6        The  Effect  of  Psycho-physical  Attitudes  on  Memory 

"Words  remembered  stood  out  plainly  and  seemed  to 
inhibit  others.     The  word  poverty  is  an  example." 

It  will  be  noted  that  many  of  the  subjects,  and  those 
the  most  observant,  speak  of  the  inhibitory  effect  of  the 
unpleasant  words.  There  may  be  three  reasons  for  this. 
First,  it  may  be  due  to  a  strife  between  the  expressions 
aroused  by  the  unpleasant  words  and  a  more  or  less  pleasur- 
able attitude  in  the  subjects  themselves  previous  to  hearing 
the  list.  Secondly,  it  may  be  due  to  a  strife  between  the 
expressions  aroused  by  the  words  individually.  Expressions 
of  unpleasantness  are  not  so  well  unified  as  pleasant  ones; 
the  emotions  connected  with  them  and  the  accompanying 
expressions  or  instincts  are  more  diverse  than  in  the  case 
of  pleasant  emotions.  The  latter  is  the  more  likely.  Thirdly, 
unconscious  suppression  of  the  unpleasant. 

(2)  In  the  experiment  described  the  lists  were  in- 
trinsically pleasant,  unpleasant  or  indifferent.  In  the  follow- 
ing, the  lists  are  all  as  indifferent  as  possible,  and  the  words 
forming  such  lists  were  not  associated  in  any  obvious  way. 
The  receiving  mood  of  the  subjects  was  as  far  as  possible 
the  same.  The  influence  of  pleasantness  or  unpleasantness 
was  introduced  after  the  lists  were  read  to  the  subjects. 
After  one  list  something  pleasant,  optimistic  and  cheerful 
was  read  to  the  subject;  after  another  something  unpleasant 
and  depressing  was  read. 

The  results  here  are  not  so  evident,  due  to  the  fact  that 
the  reading  itself  was  a  distraction  and  that  the  associations 
thus  involuntarily  introduced  would  be  as  various  as  the 
different  subjects.  The  work  on  this  aspect  of  the  question 
covered  a  period  of  three  weeks  with  eleven  subjects.  The 
results  may  be  summed  up  as  follows: 

AVERAGE  %  OF  WORDS 
REMEMBERED 

When  list  was  followed  by  pleasant  ideas 21 

When  list  was  followed  by  unpleasant  ideas 15 

There  is  a  difference  of  six  per  cent  in  favor  of  the 
pleasant  words,  which  is  in  accordance  with  the  results  of 
the  preceding  experiment. 

An  individual  example  of  how  one  unpleasant  idea  may 
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inhibit  others  and  yet  remain  itself  is  well  evidenced  in  the 
case  of  one  subject  specially  well  trained  and  very  acute  in 
the  way  of  introspection.  A  list  which  was  apparently 
neutral  for  all  the  other  subjects  contained  the  word  "fagot." 
This  immediately  brought  up  vivid  recollections  of  tortures 
contained  in  Lecky's  History  of  European  Rationalism.  In 
this  instance  every  word  with  the  exception  of  "fagot"  was 
obliterated.  Evidently,  the  feeling  and  emotional  tone 
connected  with  the  word  in  question  was  very  strong,  and 
possessing  a  strong  attitude,  inhibited  all  others  with  different 
expressions  or  attitudes.  Put  in  another  way  it  would  be 
that  the  complex  —  for  no  idea  is  alone  —  to  which  "fagot" 
belonged  was  stronger  than  the  other  complexes,  strength 
being  defined  in  terms  of  emotion  and  feeling,  which  ac- 
company certain  motor  expressions.  However,  this  is 
anticipating. 

Introspection.  "Had  list  excellently  in  mind  before 
hearing  about  the  torture.     Its  influence  is  destructive." 

"Tortures  seemed  to  scare  one  from  the  words." 

"Reading  about  tortures  is  far  more  destructive  than 
other  reading." 

"Felt  that  words  remained  better  by  the  pleasant 
reading." 

"Mind  an  absolute  blank  after  the  unpleasant  reading, 
and  many  words  never  came  back." 

"Mind  a  blank  after  reading  the  unpleasant  story." 

The  evidence  so  far  seems  to  show  that  unpleasant 
ideas  have  a  tendency  to  be  suppressed  and  have  a  sup- 
pressing influence  on  other  ideas  with  which  they  are  con- 
nected intimately  or  even  more  remotely. 

(3)  The  third  method  was  the  recognition  of  colors. 
Here  a  series  of  fifteen  colors  was  shown  to  the  subject  on  a 
uniform  gray  background,  and  he  was  asked  to  pass  judg- 
ment according  to  the  following  scale: 

1.  Very  pleasant. 

2.  Moderately  pleasant. 

3.  Just  pleasant. 

4.  Indifferent. 

5       Just  unpleasant. 
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6.  Moderately  unpleasant. 

7.  Very  unpleasant. 

After  the  judgment  of  the  series  was  completed,  two  or 
three  alterations  were  made  in  it  by  changing  as  many  of  the 
colors.  The  series  thus  changed  was  again  shown  to  the 
subject  in  a  different  order  and  judgments  again  asked  for. 
The  subject  was  also  asked  after  the  exposure  of  each  color 
if  that  color  was  in  the  preceding  series. 

In  all,  two  hundred  and  forty-two  tests  were  made,  and 
the  results  can  be  summed  up  as  follows: 

Averaged  number  of  pleasant  colors  remembered 63 .4% 

Average  number  of  unpleasant  colors  remembered 47. 2% 

Average  number  of  indifferent  colors  remembered  27. 3% 

The  results  would  be  much  more  marked  but  for  the 
fact  that  one  subject  had  the  heartiest  detestation  for  the 
whole  work  with  colors,  and  reported  every  color  unpleasant 
with  but  few  exceptions.  To  some  extent  the  same  holds 
true  in  the  case  of  two  other  subjects  who  came  in  the  after- 
noon and  were  very  often  fatigued  by  their  work  of  the 
morning.  These  exceptions  could  be  explained  on  the 
theory  that  the  tone  of  the  existing  complex  is  stronger  than 
that  of  the  incoming  impressions  and  the  same  mantle  is 
thrown  over  them. 

It  may  seem  strange  that  the  unpleasant  impressions 
are  remembered  better  than  the  indifferent.  A  reason  might 
be  given  that  both  the  pleasant  and  unpleasant  impressions 
arouse  a  definite  attitude  on  the  part  of  the  organism,  and 
are  biologically  important,  whereas  the  indifferent  impres- 
sions can  be  ignored.  There  are  two  sides  to  this  attitude, 
so  that  it  can  be  called  a  psychophysical  attitude.  On  the 
physical  side  there  is  the  arousal  of  certain  instincts  or  im- 
pulses, or  the  combinations  of  these  instincts  or  impulses 
into  complexes.  On  the  psychical  side  there  are  the  emo- 
tions and  complexes  of  emotions  corresponding  to  the  in- 
stincts and  impulses.  Added  to  this  again  are  the  feelings 
of  pleasantness  or  unpleasantness.  It  must  not  be  under- 
stood that  the  instinct  and  emotion  are  different  or  even 
running  parallel,  but  they  are  one  and  the  same  fact  looked 
at  from  a  different  point  of  view.     It  may  also  be  said  that 
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if  any  instinct  is  stopped  or  arrested  in  its  expression  the 
feeling  of  unpleasantness  is  apt  to  be  aroused.  Motor 
activity  is  curtailed.  This  may  come  about  by  the  conflict 
of  different  instincts.  Physiologically  the  matter  can  be 
resolved  into  the  compounding  of  reflexes. 

It  might  be  well  to  say  what  is  meant  by  attitude.  As 
used  here  it  means  instinctive  actions  or  impulses  or  the 
combination  of  such  with  their  accompanying  emotions. 
To  all  this  is  added  feeling  tone  of  pleasantness  or  unpleas- 
antness in  various  degrees,  and  also  the  whole  list  of  the 
so-called  organic  attitudes,  which  by  their  varied  combination 
form  a  background  and  coloring  for  the  whole  mental  life. 
To  cover  all  this  the  term  "psycho-physical  attitude"  is  used. 

The  pleasant  impressions  are  remembered  better  be- 
cause the  reactions  which  they  arouse  are  in  harmony  with 
the  welfare  of  the  organism;  that  is,  the  attitude  which  is 
aroused  has  a  tendency  to  be  continued,  and  in  many  cases, 
this  may  be  only  an  incipient  response.  Unpleasant  im- 
pressions are  rejected  for  the  opposite  reason;  that  is,  they 
arouse  attitudes  which  do  not  have  a  tendency  to  be  con- 
tinued, except  in  abnormal  cases.  Looked  at  from  the 
point  of  instinct,  one  can  say  that  instincts  which  have  a 
pleasant  feeling  tone  have  a  tendency  to  propagate  them- 
selves, and  the  opposite  is  true  of  instincts  which  are  ac- 
companied by  unpleasant  feelings.  Indifferent  impressions 
are  not  remembered  well  because  there  is  practically  no 
attitude  aroused  either  towards  or  away  from. 

However,  there  is  another  side  to  all  this.  In  some 
cases  unpleasant  impressions  may  be  remembered  better. 
This  may  be  due  to  the  fact  that  the  existing  complex  has 
an  unpleasant  feeling  tone  which  is  so  strong  that  it  decides 
which  impressions  shall  be  selected  from  those  incoming. 
This  is  what  happens  in  abnormal  cases,  and  one  can  con- 
ceive that  there  is  a  pleasure  in  so  doing.  In  short,  the  tone 
of  the  existing  attitude  or  complex  (for  those  who  like  that 
word  better)  is  a  deciding  factor  in  what  shall  be  remembered. 
Now  this  tone  is  to  a  large  extent  influenced  by  the  various 
compounds  of  instincts  which  are  aroused,  that  is,  by  com- 
pounds of  reflexes,  so  that  in  the  final  analysis  it  is  a  matter 
of  reaction  whether  we  speak  of  attitude  or  instinct  or  com- 
plexes, or  of  emotions  or  of  reflexes. 
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IV 

As  already  stated,  the  period  after  the  impressions  are 
made  is  an  important  one.  Some  of  the  experiments  to 
follow  were  performed  with  reference  to  this  problem. 
Words  were  used  as  material  and  read  to  the  subject 
as  in  the  preceding  experiments.  After  the  list  was  read 
to  the  subject,  one  of  several  distractions  was  intro- 
duced before  the  signal  was  given  for  the  reproduction  of  the 
words  remembered. 

The  following  table  is  submitted: 

TABLE  A 

abc       defgh       i       j  mean  m.  v. 

8.  20  25  20  35  25  35  25  30  45  35  29.5     6.5 

9.  20  25  15  20  15  30  10  35  60  30 26.0     9.8 

10.  15  10  ..   0  25  25  15  20  25  35  18.8     7.9 

11.  20  15  ..  20  30  25  25  ..  15  40  23.7     5.7 

12.  15  20  26  15  25  25  10   0  17.0     4.3 

13.  0 15  30  15  25  ..  30  19.1     5.1 

A  word  of  explanation  concerning  the  table.  The 
letters  at  the  head  represent  the  different  subjects,  and  the 
numbers  under  each,  the  percentage  of  words  remembered 
out  of  a  list  of  twenty.  The  numerals  to  the  extreme  left 
refer  to  the  various  tests  in  order  to  be  able  to  identify 
them  throughout  the  investigation.  The  mean  and  the 
M.  V.  are  self-explanatory.  Except  in  the  case  of  the  shot, 
the  interval  after  each  list  was  one  minute,  filled  as  follows:  , 

8.  Passivity. 

9.  Attention  directed  towards  recalling  the  words. 

10.  Disagreeable  odor. 

11.  Sudden  ringing  of  hidden  bell. 

12.  Pistol  shot. 

13.  Dizziness. 

Ten  subjects  took  part  in  this  test.  During  the  reading 
of  the  lists  they  were  instructed  to  be  passive  and  just 
sufficiently  awake  to  take  each  individual  word.  Words 
making  up  the  lists  were  not  associated  with  one  another. 

It  is  at  first  noticeable  that  the  ordinary  sense  stimuli 
have  little  eflfect,  due  to  the  fact  that  they  do  not  arouse  any 
strong  attitude.     The  factor  which  seems  to  have  played 


William  D.  Tait  11 

the  greatest  part  in  this  subsequent  interval  was  some  kind 
of  concentrated  mental  activity,  such  as  arithmetical  calcu- 
lation, etc.  In  nearly  every  case,  the  list  of  words  was  en- 
tirely forgotten.  That  they  disappear  for  good  is  another  ques- 
tion to  be  considered  later .  In  many  cases  the  pistol  shot  had 
an  almost  equal  effect  with  the  mental  work,  and  for  the  same 
reason.  It  required  an  adjustment  out  of  the  ordinary, 
and  hence  the  attitude  was  strong  at  first.  Associations, 
etc.,  also  play  an  important  part  in  the  feeling  tone.  How- 
ever, it  is  not  so  uniform  in  its  effects,  and  in  many  cases 
the  effect  grew  less  and  less.  Odors  seemed  to  have  little 
influence  on  most  subjects,  and  those  who  were  affected  attri- 
buted it  to  some  association  or  more  commonly  to  the  fact 
that  there  was  something  held  near  the  face.  Without 
this  remark  some  of  the  numbers  in  the  table  would  be  mis- 
leading. 

The  most  favorable  condition  seems  to  have  been 
passivity,  where  the  subject  was  instructed  to  be  passive 
and  let  himself  drift  along.  In  plain  figures  attention  does 
not  seem  to  have  been  so  good  as  passivity,  but  the  differ- 
ence is  too  small  to  be  of  great  importance.  It  may  be  that 
the  very  fact  of  trying  to  recall  the  list  during  the  one  minute 
has  something  of  the  same  effect  as  other  mental  work,  and 
thus  a  new  psycho-physical  attitude  is  introduced.  The 
fact  that  the  passive  state  is  a  little  better  than  attention 
seems  to  lend  color  to  the  view  of  some  that  a  certain  oeriod 
after  impressions  are  received  is  necessary  for  organization 
and  assimilation.  It  may  be  that  memory  is  better  in  one 
case  than  another  because  there  are  no  conflicting  attitudes. 
The  longer  the  attitude  aroused  by  the  impression  continues, 
the  better  the  chance  of  memory  for  that  impression,  and  of 
course  the  opposite  holds  true.  If  the  attitude  aroused  at 
first  is  curtailed  by  the  intervention  of  another  or  of  others, 
then  the  first  impression  loses  its  hold,  so  to  speak.  This 
may  also  apply  to  abnormal  cases. 

The  introspection  is  as  follows: 

"Effort  of  attention  did  not  seem  much  of  an  aid." 
"Odor  seemed  to  interfere." 
"Bell  did  not  interfere." 
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"Not  much  effect  from  pistol  shot." 
"Dizziness  seemed  to  drive  some  words  away." 
"Shot   erased    some   words,    nervous    tonus   over   the 
whole  body." 

"Effort  of  attention  seemed  to  retard  memory." 
"Bell  did  not  bother  much." 

"Bell  a  little  startling  at  first  but  soon  lost  its  effect." 
"Do  not  feel  that  attention  is  any  aid." 
"  Odor  attracted  attention." 
"Odor  interfered  with  memory." 
"I  cannot  see  that  attention  was  successful." 
"  Shot  was  complete  interruption  —  felt  as  if  my  mental 
powers  were  out  of  commission." 

'*  Bell  was  not  much  of  a  disturbance." 
"Effect  of  attention  was  beneficial." 
"Do  not  think  that  attention  was  beneficial." 
In  the  experiment  tabulated  in  Table  A  the  distraction 
or  shock  was  applied  after  the  list  was  read,  but  in  the  follow- 
ing it  was  given  about  the  middle  of  the  list. 


TABLE  B 

abcdefgh  mean      m.  v. 

15.  20  25  20  30  30  20  25  35  25.6      4.5 

16.  10  20  10  25  40  20  25  10 20.0      7.5 

17.  5   5   0  20  15   5  15   5  8.7      5.9 

18.  5  20  10  ..  20  ..   5  12.0      6.4 

19.  15  25  25  ....  25  25  25  23.3      2.8 

20.  15  ..  ..  20  20  25  15  25  20.0      3.3 

This  table  is  arranged  on  the  same  principle  as  Table 
A,  so  no  further  explanations  are  necessary.  The  conditions 
in  each  case  were  as  follows: 

List  15,  Hidden  bell  rung  in  the  middle  of  the  list. 

List  16,  Shot  in  the  middle  of  the  list. 

List  17,  Puzzle  after  the  list. 

List  18,  Exercise  after  the  list. 

List  19,  Odor  in  the  middle  of  the  list. 

List  20,  Rotation  during  reading  of  the  list. 

In  this  test  as  in  the  preceding  one   the  subjects   were 
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passive.     A  few  facts  in  connection  with  the  above  table  and 
Table  A  are  to  be  noted. 

1.  The  shot,  although  not  so  destructive  coming  in 
the  middle  of  the  list  as  when  coming  after  it,  has  more 
effect  than  the  other  distraction.  Objectively  from  the 
table  it  is  on  a  par  with  rotation,  but  in  this  latter  instance 
there  was  in  some  cases  a  difficulty  in  hearing  the  words. 

Coming  in  the  middle  of  impressions  the  shot  seemed 
to  have  different  effects  on  different  individuals,  which  are 
not  shown  in  tables.  With  some,  the  words  after  the  shot 
are  lost,  that  is,  in  the  latter  part  of  the  list,  while  with 
others  it  is  the  words  in  the  earlier  part  of  the  list,  or  before 
the  shot,  that  disappear.  On  the  whole,  however,  it  seems 
that  not  so  many  are  lost  as  when  the  shot  comes  at  the  end; 
that  is,  it  has  a  retrograde  effect.  This  can  be  seen  by  com- 
paring Table  A  with  Table  B.  To  some  extent,  it  is  true, 
in  cases  where  the  words  after  the  shot  have  disap- 
peared, that  those  before  it  are  all  the  more  firmly  fixed,  or, 
as  one  subject  put  it,  they  are  "frozen  stiff."  In  other 
instances,  when  the  words  before  the  shot  were  lost  those 
coming  after  it  were  reinforced. 

2.  It  will  also  be  noticed  that  the  solving  of  a  puzzle 
at  the  end  of  a  list  is  more  destructive  in  its  effects  than  the 
shot  was  in  Table  A.  An  average  of  10  words  was  re- 
membered after  the  puzzle  and  16.6  after  the  shot. 

3.  It  may  be  added  that  the  sudden  disturbances 
seem  in  many  cases  to  drive  the  subject  to  the  list,  and  in 
the  majority  the  words  which  are  retained  are  those  which 
come  after  the  distraction.  On  the  whole  it  seems  pretty 
evident  that  distractions  coming  in  the  middle  of  a  list  are 
not  so  destructive  as  if  coming  at  the  end.  The  greatest 
effect,  then,  is  retroactive. 

The  introspection  is  as  follows: 

"Lost  the  words  before  the  bell." 
"  Shot  brings  me  back  to  the  words." 
"Bell  disturbed  what  came  later." 
"Shot  brought  me  back  to  the  list." 
"Shot   was    a    great   disturbance.     Seemed    to    be    an 
exhilaration." 
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"Bell  disturbed  what  came  after  it." 

"Lost  some  words  immediately  after  the  bell.     Felt 

as  if  I  came  back  to  the  list  with  a  feeling  that  I  had  been 

away  from  it." 

"Bell  cut  away  the  first  part  of  the  list." 
"Effect  seems  to  be  on  words  preceding  the  shot." 
"Bell  broke  up  the  first  few  words." 
"No  words  remembered  after  the  pistol  shot." 

V 

So  far  the  lists  used  were  made  up  of  detached  6r  iso- 
lated words,  that  is,  they  were  not  associated  with  one  an- 
other in  any  evident  way.  In  the  following  experiment  the 
list  in  each  instance  was  made  up  of  associated  words,  in  some 
cases  concrete,  and  in  some  cases  abstract.  The  following  is 
the  table  of  results: 

TABLE  C 

a  b  c  f  h  i                         MEAN  M.  V. 

21.  30  25  25  45  15  55  32.5  11.6 

22.  35  25  35  30  25  55..; 34.1  7.5 

23.  30  35  30  30  30  25  30.0  1.6 

24.  20  20  25  30  25  30  25.0  3.3 

25.  20  15  35  35  5  50  26.6  11.6 

26.  10  20  15  30  0  15  18.0  7.6 

The  table  below  will  show  how  the  interval  after  the 
list  was  filled  in  each  case,  and  also  the  character  of  the  list. 

21.  Concrete  associated  list  followed  by  one  minute 
passivity. 

22.  Abstract  associated  list  followed  by  one  minute 
passivity. 

23.  Concrete  associated  list  followed  by  one  minute 
attention  directed  to  recalling  the  words  and  holding  them 
till  the  signal  was  given. 

24.  Abstract  associated  list  with  the  same  conditions 
as  23. 

25.  Concrete  associated  list  followed  by  pistol  shot. 

26.  Abstract  associated  list  followed  by  pistol  shot. 

The  most  noticeable  thing  here  is  the  effect  of  the  shot 
on  the  concrete  and  abstract  lists.     Only  in  the  case  of  one 
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subject  are  more  abstract  words  remembered  after  the  shot, 
and  the  subject  was  an  inveterate  Hegelian.  In  the  in- 
stances of  lists  25  and  26,  where  the  list  was  followed  by 
the  pistol  shot,  an  attempt  was  made  to  see  if  any  words 
which  had  been  lost  by  the  eiFect  of  the  shot  could  be  re- 
covered. This  was  successful  on  four  subjects  and  the 
means  employed  as  follows: 

A  metronome  was  set  going,  and  the  subject  was  in- 
structed to  give  a  word  for  each  beat  of  the  metronome  and 
not  to  choose  words,  but  give  any  that  came  up  irrespective 
of  whether  they  belonged  to  the  list  or  not.  This  process 
was  successful  in  the  case  of  concrete  words,  and  only  very 
partially  successful  in  the  case  of  abstract  words;  in  fact, 
no  success  at  all.  The  facts  may  be  tabulated  as  below. 
The  numbers  represent  the  per  cent  of  the  lost  words  which 
were  recovered. 


ASSOCIATED 

ASSOCIATED 

SUBJECT 

CONCRETE 

,                 ABSTRACT 

a 

18.7 

16.6 

b 

17.6 

0.0 

c 

15.3 

0.0 

f 

23.0 

0.0 

Mean  14.9  3.3 

This  experiment  of  trying  to  recover  lost  words  was 
tried  on  five  subjects  only,  and  the  average  computed  on 
that  basis.  It  is  readily  seen  that  the  concrete  associated 
words  have  the  advantage,  not  only  in  ease  of  recovery,  but 
also  the  fact  that  the  shot  was  not  so  destructive  on  them 
in  the  first  instance.  A  tentative  explanation  in  keeping 
with  the  rest  of  the  experiment  might  be,  that  the  concrete 
words  have  more  marked  attitudes,  that  more  instinctive 
and  impulsive  reactions  are  connected  with  them,  and  more 
feeling  tone.  This  also  agrees  with  Ribot's  Law  of  Re- 
gression. 

In  Table  A  we  saw  the  result  of  distractions  coming 
after  lists  of  words  made  up  of  detached  words.  In  the 
experiment  now  to  be  described  the  effect  of  those  distrac- 
tions will  be  studied  when  coming  after  lists  of  associated 
words. 
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TABLE  D 

a  b  c  d  f  g  h  i                  mean  m.v. 

27.  50  15  25  35  45  35  20  30 31.8  9.2 

28.  25  30  30  45  45  30  35  35 34.3  5.6 

29.  60  30  45  40  50  50  ..  40 45.0  7.1 

30.  20  10  ..  15  50  20  5  30 21.4  10.4 

31.  15  35  45  45  ¥)  30  25  55  36.2  10.0 

32.  ..  40  20  ..  45  40  ..  25  34.0      9.2 

33.  0  25  25  25  20   0  10  45  18.7     11.5 

34.  0   5   0   5  10   0   0  10  3.7      3.7 

The  following  schedule  will  show  how  the  periods 
after  the  various  lists  were  filled. 

List.     Filling  of  after  period. 

27.  Immediate  reproduction.     No  after  period. 

28.  I^assivity  for  one  minute. 

29.  Attention  for  one  minute. 

30.  Shot. 

31.  Bdl. 

32.  Odor. 

33.  Followed  by  one  minute  arithmetical  work. 

34.  Followed  by  one  minute  arithmetical  work. 

'J*}jif.  >«'ri''h  was  made  up  of  eight  lists,  the  first  seven  of 
v/lii'lj  w-f  composed  of  associated  words,  and  the  last  one 
u\  'J'-txi' )j<-d  words.  The  same  conditions,  as  to  subject 
'4U*i  ^/.jy'-rii/i<'fit<rr,  hold  as  in  the  previous  experiments.  The 
j;«jij/'/>.''  '/}  ili'r  first  six  lists  was  to  test  the  influence  of  dis- 
\f4*  liojji  o?j  :<^.^^<K■iated  material,  and  in  the  case  of  the  last 
iw'/  1'/  ?*<  ii  ^li<*  words  which  were  lost  could  be  recovered, 
;n!jd  to  j.-'«rijifi  the  difference  in  this  respect  between 
•4i^i,'y  \aU'i  j.'^'i  d<Mach(*d  words.  Eight  subjects  took  part 
jti  t|j«  « /j/*  .'-i/j<  ijt.     The  following  results  may  be  noted. 

My  Of  •'.<  >j'U^,<ivy  disturbances  the  shot  is  as  before 
till  yi«  j'«  ?'.  '/  *'  ij'-*^  >o  ^reat  as  the  mental  work  represented 
|>y  \\ii   jii'i.M.* ':' jl  calculation,  as  is  shown  by  comparing 

(^y  ^;|yi /.';..• ;/  th<'  minute  after  the  list  in  giving  some 
^4i^<ii(ii/ij  ••/•r^";.-  j/«iiinj;  back  as  many  words  as  possible 
4«  m«;»«.*  1^*''^'   -     '■■'''  j>.'i))ivity.     This  is  directly  opposed 
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to  the  results  in  the  case  of  detached  words  as  recorded 
in  Table  B.  Reproduction  of  associated  words  is  benefited 
by  the  direction  of  attention  on  their  recall. 

(3)  The  bell  and  the  odor  made  very  little  difference, 
being  practically  on  a  par  with  the  passive  period. 

(4)  One  of  the  most  important  things  is  the  number 
of  words  recovered  in  lists  33  and  34.  The  former  was 
made  up  of  associated  words,  and  the  latter  of  detached 
words.     These  results  can  be  tabulated  as  below. 

Per  Cent  Of  Words  Recovered 


SUBJECT 

ASSOC.    LIST 

DETACHEI 

a 

35 

0 

b 

6.6 

0 

d 

13.3 

0 

f 

12.3 

0 

g 

35.0 

0 

h 

5.5 

0 

1 

9.0 

0 

Mean  15.2  0 

This  was  tried  on  seven  subjects,  and  a  metronome 
was  used  as  before,  but  the  detail  of  the  method  was  some- 
what different.  In  the  former  experiment  a  stenographer 
took  down  the  words  as  spoken  by  the  subject  in  rhythm 
to  the  metronome,  but  in  order  to  do  this  the  metronome 
had  to  run  at  a  comparatively  slow  speed,  and  it  was  found 
by  trial  that  a  slow  speed  was  not  so  effective  in  bringing 
back  lost  words.  Then,  too,  the  articulation  of  the  sub- 
jects speaking  rapidly  made  it  hard  for  any  one  to  get  all 
the  words,  and  hence  many  were  inevitably  lost.  In  place 
of  this  the  subject  was  instructed  to  write  down  words 
to  the  beat  of  the  metronome,  and  not  to  make  any  selection 
in  so  doing.  This  was  found  to  be  a  better  method  than 
that  of  selection.  In  all  cases  the  subject  first  gave  all  the 
words  remembered,  before  beginning  the  metronome  test. 

The  fact  that  no  words  were  recovered  from  the  detached 
list  is  quite  conclusive  as  the  figures  1S.2  to  0  show.  Not 
even  a  chance  word  was  recovered,  neither  in  this  experi- 
ment nor  in  the  ones  to  follow,  so  that  the  recall  of  the 
associated  words  cannot  be  attributed  to  mere  chance,  and,  in 
any  case,  the  word  "chance"  should  not  be  in  the  psychologist's 
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vocabulary  any  more  than  in  the  physicist's.  One  might 
explain  it  on  the  grounds  that  the  associated  material  is 
grouped  around  one  central  attitude,  or  to  look  at  it  from 
another  point  of  view  it  forms  part  of  one  complex  so  that 
when  some  members  of  the  complex  come  up  there  is  a 
tendency  for  the  others  to  do  likewise.  They  are  already 
part  of  the  mental  equipment  while  the  detached  material 
is  not,  in  fact  organization  might  be  defined  as  the  grouping 
of  material  into  complexes  or  becoming  attached  to  some 
common  or  predominate  attitude.  The  detached  words 
are  not  remembered  so  well,  not  because  they  do  not  arouse 
attitudes,  but  because  the  attitudes  which  they  do  arouse 
are  in  many  cases  opposed,  so  that  there  is  sort  of  a  mutual 
inhibition.  In  a  word,  the  associated  material  forms  a  com- 
plex bound  together  by  a  psychophysical  attitude.  This 
same  principle  applies  to  the  question  of  pleasantness  and 
unpleasantness. 

The  experiment  next  to  be  considered  follows  naturally 
from  the  preceding  ones.  In  Table  E  (1)  will  be  given  the 
percentage  of  words  reproduced  immediately  after  the  distrac- 
tion and  in  Table  E  (2)  the  number  of  words  recovered  by 
the  metronome  method. 

TABLE  E  (1) 

abcdef  gh  i  mean  m.  v. 

39.  15      25      20      10      15      25  5         0  50    18.3  10.3 

40.  30   25   25   35   60   50  20   60  85  43.3  18.1 

41.  0   5   15   15   0   5  15   0  15  7.7  6.4 

42.  30      15      55      30      50      60  35      35  30    37.7  11.4 

TABLE  E  (2) 

abcdefgh         i  mean  m.  v. 

39.  0       0       0       0       0       6.6    0       0       0    0.73  1.3 

40.  14.2  13.3    0        7.4    0       0       6.2    0       0    4.6  5.0 

41.  0       0       0       0       0       0  0       0     0.0  0.0 

42.  28.5  35.2  9.9..        0     62.5   61.5  15.3   7.1 27.5  17.2 

It  will  be  seen  from  the  tables  that  four  lists  were  read. 
The  first  three  of  these  were  made  up  of  detached  words, 
and  the  last  one  of  associated  words.  In  all  cases  the 
attitude  of  the  subjects  was  the  same  as  in  the  former  ex- 
periments, and  the  tables  are  on  the  same  plan. 
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After  list  39  the  subject  was  told  to  remain  passive 
for  two  minutes  and  then  asked  to  translate  some  German. 
This  lasted  for  one  minute,  and  then  the  subject  was  asked 
for  as  many  words  as  were  remembered.  The  next  thing 
was  the  metronome  test,  which  gave  a  result  of  .73  or  prac- 
tically nil. 

In  list  40  the  subject  was  told  to  remember  the  words, 
and  the  list  was  read  four  times.  Then  followed  the  German 
translating,  and  next  the  reproduction  of  words  remembered, 
and  finally  the  metronome  test.  Only  a  comparatively  few 
words  were  recovered  by  the  metronome  method. 

In  list  41  there  was  no  passive  period,  and  the  subject 
was  given  the  German  to  translate  as  soon  as  the  list  was 
read.  Here  fewer  words  were  remembered,  and  none  were 
recovered  by  the  metronome.  It  is  interesting  to  compare 
this  list  with  list  39,  where  there  was  a  passive  period 
after  the  reading  of  the  list.  In  the  former  cases  more 
words  were  remembered,  that  is,  the  distraction  had  less 
effect.  It  may  be  explained  on  the  theory  that  the  passive 
period  after  the  list  allows  time  for  the  arousal  of  certain 
attitudes,  and  thus  helps  to  fix  the  words.  The  case  of  the 
learned  list  and  the  associated  one  can  be  explained  on  the 
same  basis. 

The  last  list  in  this  series  was  made  up  of  associated 
words,  and  was  immediately  followed  by  German  transla- 
tion, then  the  subject  was  asked  for  words  remembered, 
and  then  the  metronome  test,  which  was  quite  successful, 
as  in  previous  cases. 

In  addition  to  the  above  observation  a  few  more 
general  facts  may  be  mentioned. 

(1)  In  the  case  of  detached  impressions  memory  is 
better  when  there  is  a  passive  period  after  the  reception  of 
the  impressions.  This  is  in  agreement  with  the  previous 
experiments. 

(2)  In  the  case  of  the  learned  list  more  words  are 
immediately  remembered,  but  fewer  are  recovered. 

(3)  The  number  of  words  recovered  by  the  metronome 
test  is  considerable,  and  bears  out  previous  results  in  con- 
nection with  associated  material. 

The  influence  of  the  passive  period  after  impressions 
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was  to  some  extent  noticed  in  the  last  experiment  and  in  some 
preceding.  In  the  following  test  it  is  the  aim  to  find  out 
the  influence  of  such  a  period  on  both  detached  and  asso- 
ciated material  so  that  they  can  be  more  exactly  compared 
in  that  respect.  In  addition,  the  filling  of  the  period  after 
the  reading  of  the  list  will  be  looked  at  from  the  point  of 
view  of  attention.  To  do  this  the  subject  was  to  spend 
one  minute  trying  to  recall  as  many  words  as  possible  and  to 
hold  those  already  in  mind. 
The  following  is  the  table. 

TABLE  F 

abcde         fghjk  mean         m.  v. 

47.  17.5  25  42.5  25  27.5  30  35  25  25  27.5 28.0  4.7 

48.  20  7.5  32.5  22.5  25  30  25  30  22.5  37.5 25.2  5.7 

49.  37.5  40.0  35  40  35  45  37.5  30  27.5  42.5 37.0  4.1 

50.  47.5  40  32.5  45  57.5  55  47.5  32.5  32.5  50  44.0  7.7 

The  percentage  of  words  credited  to  each  subject  is  the 
average  of  two  lists  under  each  condition.  The  following 
facts  may  be  noted. 

(1)  That  in  agreement  with  preceding  work  a  passive 
period  after  detached  impressions  is  superior  to  one  of  effort 
in  trying  to  recall  those  impressions. 

(2)  That  the  opposite  is  true  in  the  case  of  associated 
material. 

(3)  That  the  two  foregoing  facts  are  significant  in  re- 
lation to  the  recovery  of  words  with  the  metronome,  namely, 
that  no  words  (one  solitary  instance  excepted)  were  re- 
covered in  the  detached  lists,  but  only  from  lists  which  were 
made  up  of  associated  material. 

In  view  of  this,  it  may  be  said  that  a  certain  period  is 
necessar>^  following  a  series  of  impressions  in  order  that  they 
be  the  better  fixed.  This  period  gives  time  for  initial  atti- 
tudes to  take  place,  and  thus  group  the  impressions  into  a 
complex.  In  the  cases  of  the  associated  material  this  is 
unnecessary,  for  they  are  already  grouped,  and  for  this  same 
reason  less  affected  by  distractions.  We  know  also  from 
pathological  cases  that  the  material  last  acquired  is  the  first 
to  be  affected  by  disease,  etc. 

The  experiment  next  to  be  considered  has  to  do  with  the 
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effect  of  motor  accompaniments  as  one  of  the  conditions  of 
memory.  The  method  of  procedure  was  as  follows:  The 
list  of  twenty  words  was  read  to  the  subject,  who  was  in- 
structed to  be  passive,  and  then  as  he  recalled  the  words  to 
make  some  movement  for  each  word  thought  of.  Sometimes 
it  would  be  the  lip  and  tongue  movement  or  some  move- 
ment of  the  arm  for  each  word.  After  that  the  subject  was 
given  some  mental  arithmetic  for  the  period  of  one  minute. 
In  this  way,  it  was  thought  to  find  out  the  different  fixating 
power  of  the  various  movements.  The  work  was  carried 
on  for  a  period  of  two  weeks,  and  the  percentages  for  each 
week  represent  the  mean  of  two  lists  under  each  condition, 
making  four  for  two  weeks  under  each  condition.  Further, 
during  the  second  week  the  various  conditions  were  placed 
in  different  positions  in  the  series  from  what  they  were  the 
first  week.  For  example,  during  the  first  week  the  writing 
of  words  in  the  air  came  first  in  order  of  trial,  but  in  the 
second  week  it  came  last.  Ten  subjects  took  part  for  the 
first  week  and  eight  the  second. 

TABLE  G  (1).    FIRST  WEEK 

LIST  CONDITION  .  MEAN  M.  V. 

77.  Writing  words  in  the  air    20. 7  5.1 

80.  Passive  after  reading  of  list 13.4  5.3 

82.  Movements  of  lips  and  tongue   12.7  4.7 

84.  Arm  movements  for  each  word 14.0  6.2 

TABLE  G  (2).    SECOND  WEEK 

LIST   CONDITION  MEAN  M.  V. 

86.  Arm  movements    19.0  5.0 

88.  Movements  of  lips  and  tongue   16. 5  8.5 

90.  Passivity 14.5  7.8 

92.  Writing  words  in  the  air 21.2  0.0 

Combined  results  for  the  two  weeks  are  as  follows: 

CONDITION  MEAN 

Passivity  after  list,  then  arithmetic    13.9 

Movements  of  lips  and  tongue,  then  arithmetic 14 . 6 

Arm  movements,  then  arithmetic    16. 5 

Writing  words  in  air,  then  arithmetic    20 . 9 

It  will  be  seen  that  the  condition  conducive  to  the  best 
fixation    is    that    of    writing    in    the    air,    second  best    is 
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arm  movements,  then  articulatory  movements  and  passivity, 
in  descending  order.  There  are  some  individual  differences 
which  are  due  to  some  unavoidable  associations  by  one  or 
two  subjects.  As  throwing  some  more  light  on  the 
results,  the  introspective  judgments  of  the  subjects  as  to 
the  best  method  are  interesting.  These  are  tabulated  as 
follows : 

CONDITION  JUDGMENTS  IN  FAVOR  OF 

Writing  in  the  air   10 

Articulation     4 

Arm  movements     2 

Passivity      2 

Practically  this  bears  out  the  objective  results. 
In  general  the  results  of  this  experiment  are  as  follows: 
The  writing  of  the  words  in  the  air  is  better  be- 
cause such  is  an  organized  attitude  while  the  others  are  not  so 
customary,  and  hence  detrimental  to  some  extent.  Articu- 
lation was  too  marked,  that  is,  more  expressive  than  is 
usual,  hence  attracted  attention  to  the  movement  itself. 
In  addition  to  this  the  incipient  articulatory  movements  are 
combined  with  writing  in  the  air,  so  that  has  a  double  ad- 
vantage. 

Summary  of  Experimental  Conclusions 

I.  Pleasant  impressions  are  remembered  better  than 
unpleasant,  and  both  are  remembered  better  than  in- 
different ones. 

II.  Not  only  are  such  impressions  themselves  re- 
membered better,  but  they  seem  to  exert  the  same  influence 
on  other  material.  Unpleasant  impressions  have  the  op- 
posite effect,  that  is,  they  exert  a  repressing  influence  on 
other  impressions. 

III.  Ideas  are  more  affected  by  other  similar  mental 
material  than  by  sensory  disturbances,  unless  these  latter 
arouse  strong  psycho-physical  attitudes,  e.g.,  the  pistol 
shot. 

IV.  That  such  distractions,  whether  sensory  or  other- 
wise, have  less  effect  on  associated  material  than  on  de- 
tached.    This  is  proved  not  only  by  the  fact  that  more  words 
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are  remembered  from  an  associated  list  after  a  distraction, 
but  also  by  the  important  fact  that  practically  no  words  are 
recovered  from  those  lost  in  the  case  of  associated  material, 
whereas  many  of  those  lost  from  an  associated  list  are  re- 
covered, seeming  to  show  that  the  associated  material  is 
better  organized.  By  this  is  meant  the  grouping  of  im- 
pressions  around   attitude. 

V.  This  is  further  proved  by  the  fact  that  if  there  is  a 
passive  period  after  a  detached  list  before  a  distraction  inter- 
venes, the  effect  of  the  distraction  is  lessened. 

VL  Even  where  there  is  an  apparently  complete  loss 
of  associated  words  they  can  be  recovered  to  a  great  extent 
by  the  metronome  method  already  described. 

VII.  This  recovery  method  failed  in  the  case  of  ab- 
stract associated  words  which  are  in  this  respect  on  a  par 
with  the  concrete  detached  words. 

VIII.  The  effect  of  attention  in  the  case  of  associated 
material  was  an  aid,  but  not  so  in  the  case  of  detached  words. 

IX.  That  motor  accompaniments  are  an  aid,  provided 
they  are  not  new  or  unusual,  as  then  they  act  the  same  as 
another  attitude  intervening.  If  the  words  are  grouped 
around  some  existing  set  of  attitudes,  better  still  if  several 
motor  activities  are  combined,  as  in  the  case  of  writing  in 
the  air,  they  are  remembered  better.  This  combination 
of  motor  activities  is  really  a  motor  definition  of  attitudes 
which  in  turn  is  a  compounding  of  reflexes. 

X.  •  Disturbances  coming  in  the  middle  of  the  list  are 
not  so  effective  on  memory  as  when  coming  at  the  end.  In 
some  individuals  a  distraction  may  even  reinforce  what 
went  before,  but  in  the  majority  of  cases  it  effaced  what 
went  before  and  reinforced  what  came  afterwards.  The 
greatest  effect  of  shocks  on  memory  is  retroactive. 

Remarks 

It  is  not  our  purpose  to  go  into  the  physiology  of  the 
brain  processes  which  are  at  the  basis  of  memory.  That 
has  been  done  elsewhere  as  well  as  the  knowledge  of  such 
will  allow.  Leaving  that  aside,  a  few  stray  notes  on  some 
points  may  not  be  out  of  place. 
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From  the  experiments  as  they  stand  it  would  seem  to 
be  an  evident  conclusion  that  pleasant  impressions  are 
remembered  better  than  unpleasant.  Such  a  conclusion 
is  to  be  taken  with  care.  It  may  be  that  the  unpleasant 
things  are  remembered,  potentially  just  as  well  the  pleas- 
ant, but  their  expression  in  the  normal  individual  may  be 
suppressed.  They  arouse  attitudes  or  reactions  which  are 
just  as  intense  as  the  pleasant  and  that  is  the  reason  why  both 
classes  are  remembered  better  than  the  indifferent,  which 
in  all  probability  are  completely  dropped.  The  unpleasant 
impressions  may  have  made  connections  with  old  attitudes, 
old  states  of  consciousness  in  the  larger  sense.  These  old 
ones  may  be  completely  suppressed,  and  the  new  ones  share 
the  same  fate.  Abnormal  cases  show  us  that  these  old  ex- 
periences, possibly  long  since  absent  from  self-consciousness 
still  play  a  part  on  incoming  impressions.  They  still  play 
it  as  psychophysical  attitudes.  This  then  is  in  all  likelihood 
the  explanation  of  the  experiments  dealing  with  pleasantness 
and  unpleasantness.  One  subject  who  always  made  a  good 
record  with  unpleasant  words  took  this  means,  without 
knowing  it,  of  course,  of  expressing  in  a  dislocated  way  some 
of  his  personal  feelings,  which  were  usually  well  masked. 
Another  subject  always  remembered  unpleasant  colors  for 
the  reason  that  some  brown  colors  aroused  an  intense  antip- 
athy to  the  whole  experiment,  notwithstanding  the  fact 
that  he  was  something  of  an  artist.  The  reason  has  lately 
been  found,  by  experimental  methods  as  a  continuance  of 
this  investigation,  to  have  been  a  long  forgotten  experience 
of  childhood^ —  one  that  was  vividly  emotional.  In  a  gen- 
eral way  this  holds  true  of  the  whole  investigation. 

It  may  be  worth  while  to  make  a  note  in  regard  to  the 
memory  of  concrete  and  abstract  words,  and  the  effect  of 
distractions  on  them.  Impressions  which  take  a  large  part 
in  the  actual  contact  of  the  organism  with  its  environment 
will  arouse  more  attitudes,  and  they  will  be  more  habitual 
and  ingrained  than  those  impressions  which  do  not  perform 
such  a  function.  They  will  have  greater  emotional  value, 
greater  feeling  value,  and  will  represent  a  greater  number  of 
instinctive  or  reflex  reactions  in  one  direction.     Such  are 

*Cf.    Journal  of  Abnormal  Psychology,  April-May,  1912. 
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concrete  words,  hence  they  are  better  remembered,  less 
disturbed  by  distractions,  and  even  when  apparently  ban- 
ished by  some  cause  they  are  less  liable  to  complete  loss. 
To  a  large  extent  the  opposite  is  true  of  abstract  words. 
They  serve  the  purpose  of  adjustment  to  environment,  but 
more  remotely. 

It  may  also  be  stated  that  if  a  subject  is  in  an  unpleasant 
"frame  of  mind,"  as  we  say,  that  is,  if  the  subjective 
psychophysical  attitudes  are  of  a  certain  kind,  and  if  a  cer- 
tain incoming  impression  does  not  arouse  a  very  strong 
attitude  of  its  own,  then  it  will  take  on  the  tone  of  the  com- 
plex existing  at  that  time.  The  converse  is  true  of  pleasant 
complexes.  Impressions  which  harmonize  with  the  existing 
attitude  stand  a  good  chance  of  being  well  remembered. 
Psychophysical  attitudes  then  select  from  impressions  those 
that  are  remembered  by  way  of  conscious  reproduction. 
Inhibition  or  suppression,  of  course,  may  take  place  as  al- 
ready explained.  The  cause  of  any  existing  attitude  may 
be  said  to  lie  in  the  response  to  some  previous  impression 
or  impressions  with  a  high  emotional  and  feeling  tone,  and 
which  were  not  allowed  at  the  time  adequate  expression  in 
the  normal  way.  Distractions  are  also  most  effectual  when 
they  arouse  intense  psychophysical  attitudes.  When  they 
are  very  intense,  as  in  the  case  of  accidents,  then  much  is 
forgotten  that  happened  before  and  after  the  accident.  Our 
work  shows  the  effect,  on  the  whole,  is  to  influence  what 
preceded  the  accident. 

When  we  come  to  associated  and  dissociated  words  the 
matter  is  not  different.  We  have  seen  that  if  impressions 
arouse  a  strong  psychophysical  attitude  they  stand  a  good 
chance  of  being  remembered.  Some  limitation  must  be 
put  on  that  statement.  If  several  impressions  come  in  close 
sequence  to  one  another,  and,  as  is  probable,  they  arouse 
quite  different  psycho-physical  attitudes,  then  the  various 
combinations  of  reflexes  which  give  expression  to  these  atti- 
tudes will  be  mutually  inhibitory.  In  this  way  inhibi- 
tion takes  place,  and  thus  many  words  in  a  dissociated 
list  are  lost.  One  psycho-physical  attitude  will  cancel  or 
partly  cancel  another.  To  this  can  also  be  added  the  effect 
of  ideas  already  suppressed.     In  associated  words  only  this 
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last  feature  is  operative  to  banish  them.  The  impressions 
are  all  centered  around  one  central  attitude  and  hence  this 
mutual  inhibition  is  absent.  Not  only  are  they  centered 
around  one  central  attitude,  but  around  one  which  in  most 
instances  is  well  established. 

Much  is  now  written  about  mental  complexes  or  con- 
stellated ideas.  This  constellating  or  complexing  seems  to 
be  brought  about  by  the  actual  or  potential  reactions  of  the 
organism.  Physiologically,  it  may  be  said  that  ideas  are 
grouped  and  unified  by  the  compounding  of  reflexes,  that 
back  of  emotions  and  feelings  are  well-defined  and  well- 
established  reflex  expressions.  To  include  this  and  also  to 
keep  in  sight  the  part  which  appears  in  consciousness,  the 
term  psychophysical  attitude  is  convenient.  These  much 
ignored  initial  responses  are  the  background  and  founda- 
tion of  our  whole  mental  life.  To  include  all  responses,  then, 
to  include  consciousness  and  that  small  part  called  self- 
consciousness  (by  some  this  latter  is  wrongly  called  con- 
sciousness and  the  word  is  denied  further  extension),  to  in- 
clude organic  feelings  (a  poor  term),  also  many  reactions 
which  never  come  to  self-consciousness  but  which  are  un- 
doubtedly the  most  important,  and  on  which  the  stress  is 
here  laid  —  for  all  this  we  use  the  term  psycho-physical 
attitude.  Consciousness  would  be  a  much  better  word  for 
the  organism's  total  reactions,  and  then  self-consciousness, 
attitude,  reflex,  etc.,  could  be  used  to  mark  off  the  various 
ways  of  functioning. 

BIBLIOGRAPHY 

This  does  not  pretend  to  be  an  exhaustive  source  of  reference  to  memory 
treatises.  It  includes  only  those  which  have  at  least  some  remote  bearing  on  the 
present  investigation. 

Arnoldy  Felix.  "The  Initial  Tendency  in  Ideal  Revival."  Amer.  Journal  of 
Psych.,  1907,  p.  239. 

Angell,  E.  B.  "Case  of  Double  Consciousness.  Amnesic  Type  with  Fabri- 
cation of  Memory."    Jour,  of  Abnormal  Psych.     1906,  p.  155. 

Ailing,  M.  E.  "Example  of  Association  through  a  Forgotten  Idea."  Psych. 
Rev.,   1903. 

Alexander,  II.  B.  "Some  Observations  on  Mental  Imagery."  Psych.  Rev., 
1904,  pp.  319-338. 

Bighanif  J.,  and MunsUrberg,  H.    ** Memory."    Psych.  Rev.,  I. 


WilHatn  D.  Tait  27 

Burnhaniy  W.  H.    "Memory,  Historically  and  Experimentally  Considered." 
Amer.  Jour,  of  Psych.,  1888-1889,    pp.  38,  225,  431,  568. 

Burnhaniy  W.  H.     "Retroactive  Amnesia."     Amer.  Jour,  of  Psych.,     1903, 
pp.  118-132,  382-396. 

Bourdon^  B.  and  Dide^  M.     "Cas  d'amnesie  continue  avec  assymbolie  tactile 
complique  d'autres  troubles."     L'Annee  Psych.,     1904. 

Biervlift,  J.  J.  van.     "  La  Memoire."     Paris,  1901 

Bergstrom,  J.     "Memory."     Amer.  Jour,  of  Psych.,  VI,  1893-1895. 

Bancdsy  Larguier  des.     "Note  sur  les  A^ariations  de  la  Memoire  au  cours  de     / 
la  Journee."     L'Annee  Psych.,     1901,  p.  204. 

Binet  and  Henri,    "Memoire  des  Mots  et  des  Phrases."    L'Annee  Psych., 
pp.  1-25. 

Coriatyl.  "Alcoholic  Amnesia."    Jour,  of  Abnormal  Psych.,  1906.    "Lowell 
Case  of  Amnesia."    Jour,  of  Abnormal  Psych.,  1907,  pp.  93-111. 

Colegrovfy  F.  W,    "Memory;  An  Inductive  Study." 

CoUgrovff  F.  fV.    "Individual  Memories."    Amer.  Jour,  of  Psych.,  X. 

EbbinghauSj  H.     "Das  Gedachtniss." 

Freudy  S,    "  Psychopathologie  des  Alltagslebens."     BerKn,  1904. 

Freudy  S.    "Der  Traumdeutung." 

Gordon^   K.    "Uber  das  Gedachtniss   fur  bestimmte  afFektive   Eindrucke." 
Arch.  d.  g.  Psych.,  IV,  1904-1905,  p.  58. 

Hfndersony  E.  N.    "Study  of  Memory  for  Connected  Trains  of  Thought." 
1902. 

J  ones  J  E.  T.    "The  Waning  of  Consciousness  under  Chloroform."     Psych. 
Rev.,  1908. 

JerusaUm,  W,     "  Errinern  und  Vergessen."    Bericht  uber  den  II  Kongres 
fur  Exper.  Psych.,  s.  199. 

Kuhlman^  F.    "  Present  Status  of  Memory  Investigation."    Psych.  Bull.,  1908. 

Kirkpatrickf  E.  N,    "Experimental  Study  of  Memory."    Psych.  Rev.,  I. 

Lnuy^  W,    "  Experimentelle  Untersuchungen  uber  das  Gedachtniss."     Zeit. 
f.  Psych.,  VIII,  s.  231. 

MulUr  and  Schumann,    "  Experimentelle  Beitrage  zur  Untersuchungen   des 
Gcdachtnisses."    Zeit.  f.  Psych,  u.  Physiol,  d.  Sinn.,  VI,  ss.  81-101,  257-340. 

MacDougall,  fF.    "Unity  of  Mind."     Brit.  Jour,  of  Psych.,  I.,     p.  317. 

Ofmr,  Max.    "Das  Gedachtniss."     Berlin,  1909. 

Peillaube.E.    "  L'Organisation  de  la  Memoire."     Rev.  de  Philos,  1907-1908. 

Ribotj  T.     "Diseases  of  Memory."     Trans. 

Reuther,  F.     "Beitrage  zur  Gcdachtnissforchung."     Philos.     Studien,   1905, 
I.,  pp.  4-101. 

Smith,   W.  G.    "Relation  of  Attention  and  Memory."     Mind.  N.  S.,  VI., 
p.  47. 

Smith,   T,  L.    "Muscular  Memory."    Amer.  Jour,  of  Psych.,   VII,    1896, 
p.  453. 

APPENDIX 

Example  of  Pleasant  List: 

Warm,  income,  perfect,  amiable,  delightful,  hopeful,  spring-time,  kind,  elegant. 
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divine,  lovely,  home,  best,  pleasant,  gorgeous,  truthful,  good,  rapture,  healthy, 
golden. 

Rich,  dream,  clever,  joyful,  rose,  skill,  laugh,  lily,  tidy,  daisy,  strong,  flower, 
merry,  gentle,  honest,  clumsy,  cottage,  sweet,  sincere,  polite. 

Example  of  Unpleasant  List: 

Defeat,  drear,  dirty,  shriek,  drown,  false,  skull,  cringing,  scold,  sigh,  groan, 
whine,  crape,  woe,  knife,  vulgar,  sullen,  rude,  choke. 

Example  of  Indifferent  List: 

Request,  ability,  order,  need,  made,  great,  about,  relish,  suppose,  cousin, 
answer,  morning,  child,  earth,  view,  start,  number,  enough,  bush,  again. 

Example  of  Associated  List: 

Field,  trees,  orchard,  breeze,  reaper,  stream,  river,  meadow,  clouds,  mower, 
brook,  forest,  garden,  road,  cottage,  woods,  swamp,  plain,  hay,  cut. 


PREFACE 

The  investigation  which  forms  the  basis  of  this  treatise  was 
originally  undertaken  for  the  purpose  of  supplying  a  scientific 
guide  to  courts  of  law  whereby  they  could  settle  disputes  arising 
from  Trade  Mark  Infringement  more  equitably.  There  came 
letters  to  Professor  Miinsterberg  from  members  of  the  legal  pro- 
fession/ declaring  that  under  the  present  system  of  settling  such 
disputes  there  always  exists  an  element  of  uncertainty  as  to 
whether  the  imitating  trade-mark,  label,  or  whatever  it  may  be, 
is  really  similar  enough  to  the  copied  article  to  deceive  the 
"unwary  purchaser"  or  not. 

To  furnish  such  a  guide  it  appeared,  after  much  deliberation, 
that  the  proper  thing  to  do  would  be  to  construct  a  scale  of 
graded  similarity  among_me§2^]]2|||^|^||^^^||^l||||||l|g|^e- 
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xv/uxAVictuuii  lor  our  practical  structure.     Hence  the 

work  was  divided  into  two  parts.  The  first  attempts  to  answer 
the  question:  What  is  the  relation  between  recognitive  ability 
and  different  degrees  of  meaningful  similarity?  The  second, 
How  can  the  results  obtained  be  applied  to  industry  and  juris- 
prudence? The  former,  of  course,  is  by  far  the  longer,  inas- 
much as  it  comprises  the  experimental  data  and  all  theoretical 
discussion.  The  latter  is  brief,  as  it  should  be,  because  it  is 
written  with  the  assumption  that  the  person  who  turns  to  the 
section    on  the    Application    of    the    Laws  of  Recognition  to 

*E.  S.  Rogers:  The  Unwary  Purchaser:  A  Study  in  the  Psychology  of 
Trade  Mark  Infringement.    Michigan  Law  Rev.,  Vol.  8  (1910). 
■Miinsterberg,  Psychology  and  Industrial  Efficiency. 


PREFACE 

Jurisprudence,  will  have  made  himself  acquainted  with  the  bases 
of  those  laws  by  first  having  read  the  theoretical  part. 

The  investigation  was  undertaken  at  Harvard  University  in 
the  fall  of  191 1,  and  was  carried  on  uninterruptedly  to  the 
beginning  of  1914.  Over  5000  individual  tests  were  made  and 
the  same  number  of  judgments  recorded. 

I  wish  to  take  this  opportunity  to  express  my  hearty  thanks 
to  Professor  Hugo  Miinsterberg,  who  not  only  suggested  the 
problem  to  me,  but  who,  by  his  constant  advice  and  encourage- 
ment, enabled  me  to  carry  it  to  completion.  My  gratitude  is 
also  due  to  Dr.  H.  S.  Langfeld  for  the  interest  he  has  taken 
in  my  work,  for  his  many  suggestions,  and  for  the  time  he  has 
devoted  to  it  in  the  capacity  of  an  observer. 
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PART  I 
Introduction 

Recognition  has  well  been  defined  as  that  psychical  process 
which  makes  a  present  state  of  consciousness  appear  to  us  as 
having  already  formed  part  of  our  previous  experience.^  Rec  og- 
nition,  therefore,  is  midway  between  perception  and  recollection. 
It  is  related  to  the  former  in  that  it  depends  upon  an  external 
stimulus  for  its  arousal;  it  is  akin  to  the  latter  in  that  it  is 
always  accompanied  by  a  consciousness  more  or  less  clear  of 
a  past  relation  between  the  ego  and  the  object  of  present 
apprehension. 

There  is  no  fundamental  difference  between  recognition  and 
discrimination.  Each  of  these  terms  refers  to  the  same  mental 
process  looked  at  from  different  points  of  view.  If  recogniticm 
means  re-cognize,  to  know  again  what  has  been  known  before, 
discrimination  means  to  separate,  to  distinguish  two  contents 
of  consciousness,  one  of  which  has  been  appropriated  by  the 
self,  and  is  employed  as  a  check  or  a  foil  upon  the  other.  We 
recognize  every  time  we  discriminate,  but  we  do  not  necessarily 
discriminate  every  time  we  recog^ize.^  If  the  mind  is  suddenly 
and  unexpectedly  flooded  by  the  feeling  of  likeness,  we  have 
recognition  proper.  If  we  know  what  to  expect  in  perception 
and  experience  something  that  is  different  but  generically  re- 
lated, we  have  discrimination  proper. 

The  twofold  nature  of  the  mental  state  we  are  describing 
is  neatly  illustrated  in  the  experience  we  have  while  waiting 
for  a  friend,  or  some  one  we  know,  at  a  railway  station.  As 
the  scores  of  people  come  pouring  out  of  the  train,  we  scrutinize 
their  faces  and  repeatedly  form  the  judgment:  This  is  not  he, 
this  is  not  he.  The  distinctness  with  which  we  form  it  is 
directly  proportionate  to  the  resemblance  between  the  person 

*D.  Katzaroff,  La  Recognition;  Archives  de  Psychologic,  Vol.  XI,  p.  «. 
■James,  Principles  of  Psychology,  Vol.  I,  p.  528. 
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we  see  and  the  person  we  are  looking  for.  In  this  act  we  are 
noticing  differences.  We  are  separating  that  which  is  from 
that  which  we  know  ought  to  be.  Suddenly  our  attention  is 
arrested  by  a  familiar  form,  the  gait  is  familiar,  the  facial  ex- 
pression, the  dress,  in  short,  the  total  impression  is  one  of  general 
affirmation.  We  owe  it  to  the  fact  that  our  lives  are  cast  in 
a  world  which  has  tmiformity  and  complexity,  likeness  and  un- 
likeness  combined  in  one  that  we  are  constantly  called  upon 
to  use  both  recognition  and  discrimination  in  our  daily  life. 

Because  recognition  depends  upon  an  external  stimulus  for 
its  arousal  and  because  it  is  a  consciousness  of  having  experi- 
enced that  stimulus  before,  recognition  may  be  considered  as 
both  objective  and  subjective.  But  it  is  more  of  the  latter 
than  the  former,  since  in  the  act  of  recognition  the  stream 
of  consciousness  seems  to  fold  back  on  itself. 

Again,  recognition  is  cither  direct  or  indirect,  immediate  or 
mediate.  When  the  former,  it  is  a  spontaneously  induced  mental 
state,  completed  without  the  conscious  aid  of  any  other  psychic 
factors.  When  the  latter,  it  is  a  slowly  dawning  state,  depend- 
ing upon  mediating  ideas,  images  and  associations  for  its 
completion.  Thus  as  I  walk  along  the  street  of  a  strange  city 
I  suddenly  hear  my  name  called  out.  I  look  about,  and  recog- 
nize one  of  my  intimate  friends.  The  process  is  instantaneous, 
it  is  almost  like  direct  apprehension,  yet  it  is  not  that  because 
there  exists  the  consciousness  of  "I-know-you,"  or  I  have  felt- 
you."  In  the  words  of  Bergson,  it  is  recognition  without 
thought.'  But  again,  I  am  sitting  in  a  hotel  lobby  when  a  man 
comes  up  to  me  and  greets  me  by  name.  I  return  his  greeting, 
but  I  cannot  "recollect"  who  he  is.  Rapidly  I  cast  over  in  my 
mind  the  possible  places  where  I  could  have  met  him.  I  call 
up  the  images  of  some  persons  whose  acquaintance  I  recently 
made.  But  no,  he  is  none  of  them.  He  probably  sees  my  con- 
fusion, and  asks  me  if  I  remember  Blank  Beach.  My  mind 
instantly  flies  thither.  I  call  up  a  memory  image  of  the  beach 
named.     I  try  to  put  myself  into  situations  where  I  possibly 

•Matter  and  Memory,  p.  113. 
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could  have  been  in  his  company.  I  now  recall  a  boating  party 
where  I  made  several  new  acquaintances.  Perhaps  he  is  one 
of  them.  Why,  yes;  his  face  looks  familiar  when  he  smiles. 
His  name  begins  with  a  vowel — with  an  A,  I  think.  At  this 
point  he  introduces  himself  to  relieve  me  of  my  perplexity.  The 
moment  he  mentions  his  name  I  grasp  his  hand.  I  feel  a  sense 
of  relief.  Of  course  I  know  him.  He  is  the  man  who  told  me 
of  his  strange  experience  in  Africa;  and  there  is  the  scar  on 
his  forehead,  showing  where  he  had  been  wounded  in  a  battle 
with  some  natives.  Here  we  have  recognition  through  inter- 
mediating facts — ideas,  images,  associations,  and  efforts  of  will. 

We  have  sketched  two  extreme  cases  of  direct  and  indirect 
recognition.  But  that  does  not  exhaust  the  process  yet.  Rec- 
ognition may  further  be  distingfuished  with  respect  to  mental 
complication.  If  it  consists  merely  of  an  already  experienced 
impression  it  is  termed  simple  recognition.  Most  direct 
recognition  is  of  this  sort.  If,  on  the  other  hand, 
it  concerns  the  nature,  importance  and  circumstance  of 
the  object,  it  is  said  to  be  complex,  intellectual,  or  conceptual 
recognition.  Most  indirect  recognition  is  of  this  sort.*  Complex 
recognition  may  be  either  ideational  or  affective.  As  a  rule 
it  is  a  combination  of  the  two.  But  if  it  is  the  former  alone, 
it  is  accompanied  and  supported  by  visual,  verbal  or  auditory 
images,  by  associations,  reflections  and  inferences.  If  the  latter 
alone,  it  is  the  embodiment  of  the  feelings  of  familiarity  ac- 
companied by  such  other  feelings  as  pleasantness,  satisfaction, 
relief,  fitness,  appropriateness,  or  the  reverse  of  these  if 
recognition  is  uncertain. 

The  feeling  of  familiarity  (Wundt's  Wiedererkennungsgefiihl, 
of  Hoff ding's  Bekanntheitsqualitat),  is  the  most  fundamental 
factor  in  all  forms  of  recognition.  And  it  is  because  this  feel- 
ing cannot  be  further  analysed  that  recognition  is  called  a  primary 
mental  quality.  None  of  the  attempts  made  to  describe  the 
feeling  of  familiarity  have  been  especially  enlightening.  Wundt 
says  it  comes  about  from  the  assimilation  of  the  sensory  im- 

*KatzaroflF,  op,  cit.,  p.  5. 
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pression  with  the  corresponding  image.  It  is  independent,  how- 
ever, of  the  assimilative  process  itself,  tod  is  only  stirred  up 
by  it.^  For  Hoffding  the  feeling  consists  in  the  process  of 
assimilation.® 

Wundt  further  maintains  that  each  separate  act  of  recogni- 
tion "possesses  its  own  peculiar  quality."  Thus  he  says,  "The 
feeling  differs  when  we  recognize  our  friend,  X,  and  when  we 
meet  Mr.  Y.  whom  we  did  not  care  to  see  again."*^  In  each 
case  the  peculiar  quality  of  the  feeling  of  familiarity  is  a  func- 
tion of  the  object  of  recognition.  Like  all  feelings,  it  is  de- 
termined by  "the  influence  of  the  ideational  content  of 
consciousness  upon  the  apperception." 

In  reply  to  this,  however,  it  might  be  said:  (i)  The  differ- 
ent feelings  of  familiarity  aroused  by  different  objects  may  not 
be  distinct  feelings,  but  fusions  of  various  feelings — the  feelings 
of  pleasantness  or  disgust,  ease  or  strain,  fulfillment  or  dis- 
appointment— which  blend  with  each  other  and  thus  swamp 
the  original  and  unique  feeling  of  familiarity.  (2)  The  recog- 
nition of  geometrical  forms,  nonsense  syllables  and  other  objects 
that  are  devoid  of  ideational  content,  is  invariably  accompanied 
by  the  same  and  uniform  feeling  of  familiarity.® 

The  theory  advanced  by  Hoffding  in  his  famous  controversy 
with  Lehmann  says  that  the  feeling  of  familiarity  is  due  to  the 
fusion  of  two  similar  mental  processes:  one,  'A,'  which  is  the 
perception  of  the  object,  and  the  other,  *a,'  the  image  that  the 
object  had  left  behind  when  it  was  first  perceived.     According 

"Introduction  to  Psychology,  pp.  105-7. 

•Vierteljsch.  f.  wiss.  Philos.,  Vol.  XIII,  p.  432. 

'  Op,  cit, 

'  Katzaroff,  op.  cit.  See  also  Meumann,  Bekanntheits-  und  Unbekanntheits- 
qualitat;  Arch  f.  d.  Ges.  Psychol.  Vol.  XX,  p.  36.  In  this  short,  but  wdl 
written  article,  Meumann  makes  an  excellent  distinction  between  the  feel- 
ings of  familiarity  and  strangeness.  The  former  is  characterized  by  a  certain 
easiness  with  which  the  psychic  processes — ^both  organic  and  mental — flow; 
by  a  mild  feeling  of  relief,  satisfaction  and  pleasure;  by  little  voluntary  at- 
tention; and  by  the  presence  of  reproduced  memory  images.  The  latter  is 
characterized  by  a  sort  of  inhibition  or  feeling  of  arrest  -^hich  is  both  motor 
and  mental;  by  the  presence    A  a  ^^-culiar  consciousness      '  'nner  emptinc*- 

\y%w  n    '^lipq    '^f   'lis*    *««»  *    a»"      ^^'  ..^^#»n/»A   nf    itnaqr^^  »««socia*^^*'S 


INTRODUCTION  5 

to  Hoffding  the  image,  *a/  fuses  with  the  percept,  'A,*  and  it 
is  the  blending  of  the  two  that  gives  rise  to  the  peculiar  feeling 
of  familiarity.  In  some  instances  the  coalition  is  rapid  and 
complete,  and  so  we  have  direct  recognition  with  full  certainty. 
In  other  cases  the  overlapping  of  'a'  with  *A*  is  only  partial, 
or  the  superposition  takes  an  appreciable  length  of  time,  and 
so  we  have  indirect  recognition  accompanied  with  uncertainty 
or  doubt.® 

In  reply  to  this  view  it  may  be  said :  ( i )  It  has  been  demon- 
strated time  and  again  that  recognition  can  take  place  without 
the  aid  of  mental  imagery.^^  (2)  Experiments  have  been  made 
showing  that  even  when  the  subject  has  a  distorted  image  of  the 
object  perceived,  he  can  recognize  it  accurately  nevertheless.^^ 

Claparede  firmly  believes  that  recognition  does  not  depend 
on  .memory  images.  Very  often  a  person,  in  describing  an 
object  he  had  formerly  perceived,  shows  himself  to  be  absolutely 
mistaken  as  regards  its  qualities — such  as  color,  size  and  form; 
yet  when  confronted  with  that  object  he  will  recognize  it  im- 
mediately as  the  one  he  had  seen  before.  "If  recognition 
depended  on  mental  imagery,  then  the  distortion  of  the  memory 
image  ought  to  prevent  correct  recognition  from  taking  place," 
concludes  Claparede.^^ 

Besides  being  simple  or  complex,  recognition  is  also  either 
implicit  or  explicit.  Implicit  recognition  takes  place  when  an 
object  appears  familiar  to  us,  but  we  cannot  locate  it  in  our 
past  experience,  we  do  not  know  its  setting.  Such  expressions 
as,  "Your  face  looks  familiar,  but  I  don't  remember  when  I 
met  you";  or  "That  air  soimds  familiar,  but  I  can't  recall  the 
opera  from  which  it  comes  nor  where  and  when  I  heard  it" ;  or 
"That  name  sounds  familiar,  but  I  can't  recall  what  the  person 
looks  like", — are  all  indicative  of  implicit  recognition.  That 
is  to  say,  there  is  no  doubt  about  the  object  having  been  ex- 

•  Op,  cit. 

*•  Gantble  and  Calkins,  Die  reproduzierte  Vorstellung  beim  Wiedererkennen, 
etc.,  Zeit.  f.  Psychol.,  Vol.  XXXII,  I77ff. 
**  Claparede,  Recognition  et  'Moiit6;  Arch,  de  Psychol.  Vol.  XI,  SqAF. 
"  Op.  cit 
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perienced  before,  but  the  connection,  the  circumstances  are  lack- 
ing. Explicit  recognition,  on  the  other  hand,  is  where  the  object 
is  fully  known  either  in  all  or  in  most  of  its  tangible  relations 
to  the  time,  place,  setting  and  circumstances  in  which  it  was 
originally  experienced.  It  follows,  of  course,  that  all  direct, 
immediate  recognition  is  expUcit,  whereas  indirect  recognition 
has  to  go  through  a  stage  of  implicitness. 

Finally,  recognition  is  either  voluntary  or  involuntary.  In- 
direct recognition  is  usually  of  the  former  type,  while  all  direct 
recognition  is  of  the  latter. 

It  is  no  exaggeration  to  say  that  recognition  and  its  correlate, 
discrimination,  are  among  the  most  active  and  valuable  factors 
of  our  mental  make-up,  yet  as  ccmipared  with  what  has  been 
written  on  other  faculties,  such  as  attention,  memory  and  feeling, 
very  little  space  has  been  devoted  to  our  subject. 

It  is  only  within  very  recent  years  that  psychologists  have 
b^^n  to  investigate  such  problems  as  the  relation  between  recog- 
nition and  association;^*  the  nature  and  cause  of  the  errors  of 
recognition;^*  the  relation  between  recognition  and  the  number 
of  items  to  be  recognized;^'  the  relation  between  recognition 
and  recall  as  well  as  the  influence  of  different  kinds  of  stimuli 
on  these  faculties  ;^*  and  finally,  the  relation  between  recognitive 
ability  and  the  time  interval.^*^ 

Small  showing,  indeed,  for  what  James  calls  "one  of  the 
ultimate  fotmdation-pillars  of  the  intellectual  life."^®  For  it 
must  be  obvious  that  the  perception  of  likeness  and  tmlikeness 
is  the  very  bed-rock  of  consciousness.  On  it  depends  our  knowl- 
edge of  the  unity  of  the  self,  as  well  as  our  knowledge  of  the 
uniformity  of  nature.  In  the  process  of  mental  evolution  recog- 
nition follows  perception  and  precedes  ideation.^®     Suppose  we 

"  Gamble  and  Calkins,  op.  cit. 

**Katzaroff,  op,  cit. 

"E.  K  Strong,  The  Effect  of  Length  of  Series  on  Recognition;  PsycK 
Rev.,  Vol.  XIX. 

"•H.  L.  Hollingworth,  Recognition  and  Recall;  Amer,  Jour.  Psych,,  VoL 
XXIV. 

"  Strong,  Effect  of  Time  Interval  on  Recognition.    Fntr^     '^^j..  '''ol.  XX 
ames,  !^ '''n/^ini***    ^^     ^-^  xho^om    ^^t^  ^    ^lo 
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failed  to  recognize  our  friends  and  kinsmen,  our  homes  and 
surroundings,  our  sensations  and  ideas  every  time  they  were 
presented  to  us ;  suppose  every  recurrent  experience  were  a  new 
experience — it  is  evident  that  our  life  from  the  cradle  to  the 
grave,  if  we  could  leave  the  former  long  enough  to  reach  the 
latter,  would  be  like  that  of  the  moth  in  the  presence  of  the  flame. 

But  recognition  and  discrimination  are  also  operative  in  finer 
experiences  than  those  we  have  had  occasion  to  mention. 
We  speak  of  "a  subtle  mind,"  "a  fine  sense  of  discrimina- 
tion," of  "ability  to  split  hairs,"  and  so  on.  What  do 
we  mean  by  these  expressions?  Certainly  the  recognition  of 
a  friend  does  not  involve  a  fine  sense  of  discrimination,  but 
the  comprehension  of  the  relation  between  a  falling  apple  and 
the  revolving  moon  does.  Yet  these  two  mental  activities  differ 
from  each  other  in  d^ree  only.  Is  not  the  entire  process  of 
reasoning  essentially  one  of  recognizing  the  relations  among 
ideas,  or  among  "things"  as  modem  logicians  like  to  put  it? 

"Inference,"  says  Aikens,  "is  the  recognition^^  of  a  new 
relation  of  things  without  which  the  relations  asserted  in  the 
premises  could  not  exist"  Mathematical  reasoning  is  chiefly 
reasoning  by  parity.  In  geometry,  for  example,  each  successive 
proposition  is  based  on  one  or  more  preceding  propositions. 
Success  in  the  solution  of  geometrical  proWems,  therefore,  de- 
pends not  only  on  a  knowledge  of  the  forgone  propositions, 
but  also  on  the  faculty  of  discerning  what  theorems  are  ap- 
plicable to  the  problem  at  hand.  In  short,  the  highest  type  of 
mental  activity  we  can  think  of  involves  recognition  and  dis- 
crimination. Hence  Locke  is  right  in  saying,  "In  having  our 
ideas  unconfused,  and  being  able  nicely  to  distinguish  one  thing 
from  another  where  there  is  but  the  least  difference,  consists 
in  a  great  measure  the  exactness  of  judgment  and  clearness 
of  reason."  And  again,  "Judgment  .  .  .  lies  in  separating 
carefully  one  from  another  ideas  wherein  can  be  found  the  least 
difference,  thereby  to  avoid  being  misled  by  similitude  and  by 
affinity  to  take  one  thing  for  another."*^     Nor  ought  we  to 

•The  Principles  of  Logic,  p.  153. 
"^  Human  Understanding,  II,  XI,  i,  2. 


8  GU  STAVE  A.  FEIN  GOLD 

omit  James'  estimate  of  this  faculty.  "Some  people,"  he  says> 
"are  far  more  sensitive  to  resemblances  and  far  more  ready 
to  point  out  wherein  they  consist,  than  others  are.  They  are 
the  wits,  the  poets,  the  inventors,  the  scientific  men,  the  prac- 
tical geniuses.  A  native  talent  for  perceiving  analogies  is  reck- 
oned by  Bain,  and  others  before  and  after  him,  as  the  leading 
fact  in  genius  of  every  order."  ^^ 

We  have  now  seen  how  recognition  is  defined;  we  have  de- 
scribed some  of  its  phases;  we  have  illustrated  in  brief  how  it 
functions  in  life,  and  have  noted  how  leading  psychologists  rate 
it  in  the  order  of  human  intelligence. 

Let  us  now  turn  to  our  own  investigation. 

PRELIMINARY  EXPERIMENTS 

Statement  of  Problems 

The  preliminary  experiments,  undertaken  in  the  fall  of  191 1, 
were  chiefly  for  the  purpose  of  devising  means  and  method^. 
Some  of  the  problems  I  set  out  to  investigate  were  as  follows : 
(i)  What  is  the  effect  of  distribution  of  attention  on  the 
recognitive  process?  Or  in  other  words:  How  does  the  number 
of  objects  among  which  a  thing  if  perceived  and  re-perceived 
affect  recognition? 

(2)  How  does  recognition  vary  with  the  time  of  perception? 

(3)  What  is  the  influence  of  similarity  on  recognition,  and 
is  there  a  mathematical  relation  between  discriminative  ability 
and  degree  of  similarity? 

(4)  What  is  the  difference  between  external  and  internal  simi- 
larity, i.e.,  does  similarity  in  form  affect  ideational  recog^iticMi 
differently  from  similarity  in  meaning?  It  is  well  known  that 
deception  is  not  only  sensory  but  also  ideational. 

(5)  What  is  the  difference  between  substitution  (displace^ 
ment  of  one  object  by  another),  and  mere  interchange  of 
position  ? 

(6)  What  is  the  influence  of  environment  on  recognition? 
Will  a  t^i"e  be  ^^rogni^ed  a?    '^adily  whf*n  ob'«e*^'^H  in  a  new 
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setting  on  the  second  exposure  as  when  observed  within  the 
setting  in  which  it  was  originally  experienced? 

Let  us  discuss  these  problems  somewhat  in  detail. 

Our  experiments  purport  to  investigate  a  representative  cross 
section  of  the  faculty  of  recognition.  For  that  reason  we  tried 
to  reinstate  in  the  laboratory  conditions  that  were  analogous  to 
those  imder  which  we  perceive  and  recognize  things  in  daily  life. 
But  not  only  must  these  conditions  be  representative  of  life 
situations,  they  must  also  be  of  such  a  nature  that  we  can  vary 
them  quantitatively.  For  surely  the  average  person's  state  of 
attention  is  different  on  a  crowded  thoroughfare  from  what  it 
is  on  a  lonely  country  road.  Likewise  the  average  woman's  at- 
tention in  the  teeming  department  store  is  not  the  same  as  in 
the  little  village  store.  How  can  we  reproduce  these  different 
forms  of  attention  in  the  laboratory? 

On  the  crowded  business  street,  for  example,  a  person's  atten- 
tion is  constantly  being  distracted.  Thousands  of  stimuli  knock 
at  the  door  of  consciousness,  and,  as  they  are  in  a  fleeting  state 
and  as  the  individual  himself  is  moving  rapidly,  they  can  obtain 
but  a  very  small  fraction  of  his  attention.  But  that  is  not  all. 
Some  of  the  things  he  perceives  are  more  interesting  than  others ; 
some  are  novel,  others  plain ;  some  are  familiar,  others  strange ; 
some  are  pleasing,  others  displeasing;  some  set  up  thought  pro- 
cesses, others  do  not.  In  short,  with  one  sweep  of  the  eye  he 
takes  in  persons,  vehicles,  shop  windows,  signs,  forms,  names, 
colors,  positions,— everything  that  falls  within  the  periphery 
of  his  vision ;  not  to  mention  the  myriads  of  auditory  sensations. 
Here  is  a  very  rich  stream  of  consciousness  indeed.  How  can 
the  psychologist  reproduce  it  in  his  subjects  in  the  laboratory? 

(i)  Our  own  method  was  quite  simple.  If  we  simultaneously 
expose,  let  us  say,  8  words  of  ordinary  meaning  for  4  seconds, 
and  instruct  our  observer  that  he  is  to  grasp  those  words  well 
enough  to  be  able  to  recognize  some  or  all  of  them  when  they 
are  re-exposed  after  a  definite  interval,  we  may  rest  assured 
that  his  state  of  mind  will  be  quite  representative  of  what  it 
is  on  the  crowded  thoroughfare.  As  there,  so  here,  some 
words,  i.e.,  things,  will  be  more  interesting  than  others;  some 
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familiar,  others  strange;  some  rich  in  associations,  others  poor; 
and  as  the  subject  knows  the  exposure  time  is  limited,  he  will 
hurry  from  one  word  to  another,  just  as  his  attention  is  hurried 
from  one  thing  to  another  c«i  the  street. 

The  introspection  of  my  observers  affirmed  the  correctness 
of  our  method  in  this  respect.  Their  attention  was  not  dis- 
tributed in  the  sense  that  they  perceived  6  or  8  words  in  one 
pulse  of  attention.  In  fact,  it  is  doubtful  whether  such  a 
distributed  state  of  attention  can  exist.** 

Wirth,  who  has  done  extensive  work  in  this  field,**  did  not 
obtain  positive  results.  He  found  that  within  certain  limits  the 
spreading  out  of  the  attention  over  a  number  of  simple  objects 
causes  a  corresponding  intensification  of  the  attention  with  re- 
spect to  each  object.  This,  however,  is  no  proof  of  a  distributed 
state  of  attention.  The  very  same  thing  is  found  with  rapidly 
fluctuating  or  distracted  attention.  What,  then,  is  the  diflFerence 
between  the  two?  In  distributed  attention  it  is  assimied  that 
the  same  amount  of  attention  is  simultaneously  given  to  each 
of  several  objects  which  enter  consciousness;  whereas  in  dis- 
tracted attention,  the  attention  is  given  more  or  less  completely 
to  one  thing  at  a  time.  According  to.Hylan  there  is  no  dis- 
tributed attention  in  the  strict  sense  of  the  word.  "Attention," 
he  says,  "really  fluctuates  and  is  not  distributed."**^ 

For  our  experiment  it  really  makes  no  difference  whether  at- 
tention actually  can  be  distributed  or  whether  the  phenomencm 
that  goes  under  that  name  is  due  to  the  rapid  fluctuation  of 
attention.  Suffice  it  that  we  were  able  to  produce  in  our  sub- 
jects the  states  of  mind  that  they  experienced  on  the  city  streets. 
Thus  by  exposing  a  group  of  disconnected  words  simultaneously 
for  a  brief  space  of  time,  and  instructing  my  observers  to  per- 
ceive all  of  them  with  sufficient  clearness  to  recognize  them 
^'^  seconds  later  or  to  note  whether  any  one  word  had  been 

■  J.  P.  Hylan,  The  Distribution  of  Attention,  Psych.  Rev.,  Vol.  X. 

••Die  Klarheit9grade  der  Regionen  dcs  Sehfeldes  be'  'erschiedenen  Vcr^ 
eilungen  der  Aufmerksamkeit.  Phil.  Stud-  I'  ^W  r's^-^^.  Stud.,  Vols. 
T  ond  III. 


PREUMINARY  EXPERIMENTS  ii 

displaced  by  another,  they  declared  that  they  managed  to  read 
the  words  once,  but  they  had  a  feeling  of  being  hurried,  like 
one  who  desires  to  see  things  on  the  street,  but  knows  it  is  not 
good  manners  to  stop  and  gaze,  or  that  he  has  no  time  for  that. 
Then,  too,  there  was  a  decided  rivalry  of  attention.  That  is, 
the  subject  having  read  one  word  went  to  the  next,  but  im- 
mediately began  to  fear  that  he  did  not  get  the  preceding  one 
correctly,  so  that  there  was  a  tendency,  a  desire  to  look  at  it 
again,  a  sort  of  dragging  back  of  the  attention.  This,  how- 
ever, was  inhibited  by  the  fear  that  if  too  much  time  were  spent 
on  one  word,  the  shutter  would  go  down  before  all  words  were 
read.  And  so  he  hastened  on  with  the  same  feeling  as  the  small 
boy  who  wishes  to  see  the  entire  line  of  parade  and  at  the  same 
time  to  keep  up  with  the  head  of  it,  too. 

Now  this  is  precisely  the  state  we  wished  to  produce.  For, 
in  the  first  place,  it  is  characteristic  of  the  normal  and  daily 
sort  of  attention,  except  when  one  is  preoccupied  of  course; 
and  in  the  second  place,  it  really  furnishes  a  means  for  giving 
the  same  amount  of  attention  to  each  of  several  things  which 
are  complex  in  their  nature — as  all  meaningful  /things  are. 
When  I  say  the  "same  amount"  I  mean  the  requisite  or  propor- 
tional amount.  For  unless  the  stimuli  are  of  the  simplest  pos- 
sible kind,  such  as  pressure,  or  shades  of  gray,  or  pitch;  unless 
they  are  measurable  in  terrils  of  their  own  kind, — ^the  same 
stimulus  may  not  only  require  a  different  threshold  for  com- 
plete perception  with  different  subjects,  but  stimuli  of  the  same 
sort  may  differ  from  one  another  considerably  in  complexity. 

This  is  the  first  serious  error  made  by  Bourdon  ^^  and 
Katzaroff,^*^  the  one  using  words,  the  other  geometrical  forms 
as  stimuli  in  their  experiments  on  the  process  of  recognition. 
These  authors  thought  that  by  exposing  each  word  or  figure 
for  the  same  length  of  time,  the  whole  of  it  would  receive  the 
same  amount  of  assimilative  attention.  But  that  is  not  so. 
The  words  "rose''  and  "juste", — ^two  words  used  for  comparative 
purposes  by  Bourdon,  do  not  necessarily  possess  the  same  amount 

*  Reconnaissance,  Discrimination  et  Association,  Rev.  Philos.  Vol.  XL. 

*  Op.  cit. 
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of  interest  to  the  same  person.  Therefore,  it  is  wrong  to  assume 
that  by  exposing  them  for  the  same  length  of  time  they  will 
become  equally  impressed  on  consciousness.  Likewise  with 
Katzaroff 's  designs :  the  drawing  of  a  house  and  a  meaningless, 
complex  trellis-like  figure,^®  each  exposed  for  6  seconds,  will 
not  produce  the  same  impression  on  the  mind.  The  former  has 
meaning,  the  latter  has  not;  the  former  is  rich  in  associations, 
the  latter  is  not ;  the  former  has  distinct,  conceptualized  features 
whereby  it  can  be  carried  in  memory,  the  latter  has  none  of 
these.  Hence  the  diflFerent  kinds  of  recognition  these  authors 
describe — recognition  by  general  impression,  recognition  by 
remembrance  of  some  special  feature,  recognition  by  association, 
etc.,  may  all  be  functions  of  the  object  and  not  different  phases 
of  the  recognitive  process. 

Thus,  if  we  examine  some  of  the  introspection  KatzaroflF  re- 
produces with  reference  to  the  figures  sketched  in  his  well- 
written  paper,  we  find  that  those  designs  which  had  meaning 
attached  to  them  were  recognized  or  discriminated  in  meaning- 
ful terms;  the  others  on  the  basis  of  general  impression.  To 
assume  that  groups  of  objects  so  diverse  as  Katzaroff's  figures 
have  the  same  attention  value  and  make  the  same  impression 
simply  because  each  of  them  is  exposed  for  the  same  length 
of  time,  is  like  assuming  that  it  is  as  easy  to  recognize  potatoes 
as  presidents,  because  they  both  begin  with  p. 

Of  course,  it  may  be  retorted  that  Katzaroff  was  studying 
the  process  of  recognition  in  general,  and  therefore  he  had 
a  right  to  use  both  meaningful  and  meaningless  material.  Even 
if  that  be  granted,  it  is  still  doubtful  whether  it  was  proper  to 
lump  together  the  results  of  such  diverse  material. 

But  there  is  another  objection  to  the  indiscriminate  use  of 
meaningful  and  meaningless  material  in  experiments  on  recog- 
nition, and  that  is  that  the  subject,  though  he  succeed  in  reo^- 
nizing  the  meaningless  object  or  its  substitute  on  the  seccmd 
presentation,  is  often  at  a  loss  as  to  how  he  should  describe  it, 
or  how  impart  his  knowledge.  Thu<=  ^"  nndi^*^  burden  is  put 
*n  thf*  '**  *  rosp^'^^ive  memc*^    +V»*»r*=    v        ..^-t  harking  and 
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hampering,  confidence  falls,  doubt  increases,  and  the  observer 
either  finds  himself  unable  to  judge  at  all,  or  else  makes  a  guess 
judgment  as  the  easiest  way  out.  This  is  verified  by  the  fact 
that  when  Katzaroff's  observers  introspect  on  the  meaningless 
figures,  they  go  about  it  in  an  indirect  way  and  very  often  end 
in  doubt.  This  is  also  the  reason  why  the  subjects  in  Moore's 
experiment  on  abstraction^*  found  themselves  unable  to  give 
a  reason  why  certain  figures  looked  familiar  or  strange. 

In  the  experiments  that  form  the  basis  of  this  paper,  both 
of  these  sources  of  error  have  been  avoided  by  employing  uni- 
formly conceptualized  material,  simultaneously  exposed  in 
definite  groups  for  a  definite  length  of  time,  and  by  allowing 
the  subject  to  devote  as  much  attention  to  each  item  as  he  felt 
was  necessary,  the  only  condition  being  that  he  perceive  them  all 
within  the  given  time  of  exposure.  And  this,  of  course,  he 
did  because  he  never  knew  what  word  would  be  replaced.  Hence, 
if  he  looked  at  some  words  twice  and  at  others  once,  or  if, 
when  8  words  were  exposed  for  4  seconds,  he  did  not  look 
at  each  word  for  J/2  second,  but  at  some  for  i  second,  at  others 
Ys  second  and  at  others  still  only  J4  second,  it  was,  as  intro- 
spection showed,  because  the  former  were  somewhat  unusual  in 
his  experience,  whereas  he  felt  he  could  never  be  deceived  by 
the  latter.  Thus  our  technique  once  more  showed  its  ability 
to  stimulate,  under  experimental  conditions,  those  factors  of 
recognition  that  function  in  normal  daily  life.  For,  do  we  not, 
in  actual  life,  when  we  wish  to  fix  in  our  minds  landmarks, 
signs,  faces  or  what  not,  look  at  some  a  little  "closer"  than  at 
others?     But  we  shall  revert  to  this  later  on. 

(2)  Not  only  do  we  usually  look  at  some  things  closer  than 
at  others,  but  at  some  we  also  look  a  little  longer  than  at  others. 
Hence  the  second  variable  was  the  length  of  exposure.  Besides 
keeping  the  fixation  period  constant  and  varying  the  number 
of  objects  exposed,  I  also  kept  the  number  of  objects  constant 
and  varied  the  time  of  exposure. 

(3)  A  third  variable  was  the  degree  of  similarity.     In  the 

•The  Process  of  Abstraction,  Univ.  of  Calif.  Publications  in  Psydiology. 
Vol.  I,  No.  2. 
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preliminary  experiments  I  did  not  measure  the  degree  of  simi- 
larity, but  as  this  is  one  of  the  main  objects  of  our  investigation, 
we  shall  leave  the  discussion  of  this  factor  to  its  logical  place. 
In  these  early  tests  I  procede  on  the  assumption  that  there 
is  some  similarity  between  two  words  that  begin  or  end  with 
the  same  consonant,  whereas  there  is  no  similarity,  or  zero 
similarity  between  words  that  do  not  begin  or  end  with  the 
same  consonant,  or  do  not  have  the  same  vowel  sound.  If  this 
assumption  were  correct,  then,  other  things  being  equal,  the 
substitution  of  the  former  kind  of  a  word  ought  to  produce 
more  false  judgments  than  a  substitution  of  the  latter  kind.  Or 
in  other  words,  suppose  the  conditions,  with  respect  to  length 
of  exposure,  and  the  number  of  words  exposed,  are  such  that 
the  replacement  of  one  word  by  another  of  zero  similarity  can 
be  recognized  loo  per  cent  of  the  times,  then  if  there  is  any 
similarity  between  two  words  that  begin  or  end  with  the  same 
consonant,  a  substitution  of  one  for  the  other  ought  to  produce 
some  false  recognition. 

(4)  It  is  well  known  that  diverse  impressions  may  produce 
similar  states  of  consciousness;  therefore,  if  we  employ  stimuli 
that  lack  sensory  resemblance  but  possess  meaningful  similarity, 
we  can  study  the  influence  of  similar  ideas  on  one  another,  i.e., 
we  can  note  the  process  of  recognition  within  the  realm  of 
pure  ideas.  Then  we  can  compare  the  results  obtained  with  the 
two  different  sets  of  material  and  see  whether  our  senses  or  our 
ideas  deceive  us  most  often. 

(5)  It  was  also  our  desire  to  find  out  whether  a  simple  change 
of  the  position  of  two  words  within  a  list  of  a  given  size,  would 
be  recognized  as  easily  as  the  removal  of  one  word  and  the 
substitution  of  another  for  it.  By  this  method  we  could  deter- 
mine whether  recognition  is  stronger  for  content  than  for  space 
relations,  or  vice  versa. 

(6)  As  the  sixth  factor — the  influence  of  environment  on 
recognition  was  not  touched  upon  in  the  preliminary  experiments, 
^nd  as  it  forms  an  important  part  of  the  inve^^^igfation,  we  shall 
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Method  of  Procedure 

Since  I  was  investigating  ideational  recognition  and  discrim- 
ination, it  was  imperative  that  I  use  meaningful  material.  To 
that  end  I  employed,  in  these  early  experiments,  bisyllabic  words 
of  ordinary  usage,  selected  at  random  from  the  dictionary  and 
varying  in  length  from  5  to  7  letters.  These  words — nouns, 
adjectives,  verbs  and  adverbs — were  typewritten  in  small 
letters,  on  3  x  5-inch  plain  filing  cards.  The  words,  triple  spaced, 
were  arranged  in  two  vertical  columns  J^-inch  apart.  These 
typewritten  cards  came  in  pairs  marked  A  and  B  on  the  back. 
The  first  was  the  'standard'  and  the  second  (the  variable)  was 
a  reproduction  of  the  first  with  the  necessary  change  affected. 

Thus,  if  I  wished  to  investigate  the  problem  of  imitation,  i.e., 
the  influence  on  the  recognitive  process  produced  by  substituting 
one  word  for  another  similar  to  it  in  form,  my  cards  would 
appear  thus : 

A  B 


pretty 

justly 

pretty 

justly 

hasty 

early 

hasty 

early 

improve 

ledgy 

impose 

ledgy 

kindly 

€rlory 

kindly 

glory 

If  I  wished  to  investigate  the  influence  of  change  of  position, 
card  B  would  be  a  reproduction  of  A  with  the  desired  transporta- 
tions made.  Finally,  the  same  card  exposed  twice,  i.e.  for  fixation 
and  trial,  served  as  the  control. 


Apparatus 

The  apparatus  used  in  this  investigation  was  very  simple.  It 
consisted  of  a  box-shaped  screen,  completely  separating  subject 
from  experimenter.  In  this  screen  was  an  oval  shaped  aperture 
through  which  the  observer  looked  with  both  eyes  at  the  printed 
card,  or  at  the  picture  post  cards  of  the  later  experiments,  ex- 
posed on  a  black  background.  The  aperture  was  opened  and 
closed  by  a  shutter  which  moved  vertically  in  grooves.     This 
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shutter  was  closed  by  two  rubber  bands  attached  to  the  lower 
end  thereof  and  to  the  apparatus,  while  its  opening  was  affected 
by  means  of  a  string  secured  to  its  top,  running  over  a  noise- 
less pulley  and  controlled  by  the  experimenter. 

This  piece  of  apparatus  was  set  on  a  low  table  so  that  the 
observer  could  look  in  through  the  opening  conveniently  while 
seated  in  a  comfortable  position. 

The  time  of  exposure,  being  one  of  the  factors  under  in- 
vestigation, varied  with  different  series.  The  interval  between 
the  first  and  second  exposure,  however,  i.e.,  between  the  fixation 
and  trial,  was  kept  constant  throughout  these  and  all  succeeding* 
experiments.  This  interval  was  20  seconds. ^^  It  was  not  deemed 
advisable  to  make  it  longer,  lest  the  minds  of  some  of  the 
observers  should  begin  to  wander.  In  that  event  we  should  have 
had  recognition  with  mental  concentration  in  some  cases  and 
recognition  with  distraction  in  others,  and  we  should  not  know 
which  is  which.  It  was  our  desire  to  make  conditions  as 
uniform  as  possible  for  all  observers. 

I  had  six  observers — five  men  and  one  woman — all  of  them 
graduate  students  and  members  of  the  Harvard  Psychological 
Laboratory.^^  They  came  to  me  singly,  once  a  week.  All  sit- 
tings were  held  between  9  and  i  o'clock,  each  lasting  one  hour. 

I  gave  my  subjects  the  following  instructions:  In  daily  life 
one  is  occasionally  confronted  with  the  phenomenon  of  mis- 
taking one  name  or  one  word  for  another,  because  they  have 
some  resemblance  either  in  spelling,  sound  or  meaning.  Now, 
I  am  going  to  expose  a  group  of  words  for  x  seconds,  and 
after  an  interval  of  20  seconds  I  shall  reexpose  the  same  group 
either  intact  or  with  some  change.  See  if  you  can  discover 
that  change,  and  in  your  introspection  at  the  end  of  the  second 
exposure,  tell  me  whether  you  carried  any  of  the  words  in 
imagery,  and  if  so,  what  kind  of  imagery  it  was,  and  haw 
many  you  carried.     Tell  me  whether  you  had  any  internal  or 

**!  should  like  to  have  varied  this  factor  also,  but  I  had  no  time  for  that. 

•*  I  wish  to  offer  my  thanks  to  Miss  O.  L.  M.  Seeley,  Drs.  V.  V.  Anderson, 

L  M.  Elliott,  R.  C.  Givler,  and  Messrs.  E.  C.  Tol*"^"  and  I.  W.  Williamso" 
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external  association,  i.e.,  whether  you  associated  some  of  the 
words  in  the  group  with  each  other,  or  with  something  ex- 
traneous to  the  group.  Tell  me  what  role,  if  any,  imagery  or 
associations  play  in  the  recognitions  you  make.  Try  to  distribute 
your  attention  equally  among  all  the  words,  i.e.,  do  not  con- 
centrate your  attention  on  some  at  the  risk  of  failing  to  com- 
prehend others.  Try  not  to  let  your  mind  wander  during  the 
interval.  Yet  be  natural,  i.e.,  choose  your  own  means  for  mak- 
ing the  greatest  number  of  correct  judgments.  In  short,  do 
your  best,  in  your  own  way,  to  recognize  a  change  if  one  occurs 
and  tell  me,  if  possible,  precisely  what  that  change  is." 

I  mad-e  this  last  suggestion  in  order  to  reduce  the  element  of 
chance  as  much  as  possible,  for  when  8  words  are  ex- 
posed and  one  of  them  is  changed,  the  probability  that  the  sub- 
ject will  guess  the  critical  word  as  new  is  }i,  but  the  probability 
that  he  will  be  able  to  couple  with  it  the  word  it  had  displaced, 
by  mere  chance,  is  1/64. 

In  the  fore  period  I  signaled  my  subjects  to  get  ready  about 
2  seconds  before  the  shutter  went  up.  I  did  not  give  a  similar 
signal  before  the  second  exposure  because  they  had  been  advised 
to  have  their  minds  fixed  on  the  experiment  during  the  interval 
and  to  be  prepared  for  the  trial  exposure.  All  forms  of  noise 
and  distraction  were  avoided  during  the  interval  so  as  not  to 
disturb  the  mental  content  of  the  observer.  Exposure  and  in- 
terval were  timed  with  a  stop  watch.  The  time  it  todk  the 
shutter  to  open  or  close  was  approximately  J4   of  a  second. 

A  correct  judgment,  "change**  or  "no  change,"  according  as 
one  did  or  did  not  occur,  was  marked  -}->  and  incorrect  judg- 
ment— ,  and  a  doubtful  one,  i.e.  one  whose  certainty  the  sub- 
jects themselves  rated  as  between  20  per  cent  and  79  per  cent 
was  marked  ±:,  and  given  half  value  in  the  computation  of  the 
results. 

Results 

SERIES  I 

After  putting  my  subjects  through  a  period  of  training  that 
lasted  tl^ree  weeks    T  un'^'^rto^^  to  ^nd  ont  ^h^  minimtur  <»y- 
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posure  time  wherein,  with  a  given  number  of  words  to  the  group, 
the  substitution  of  one  word  for  another  totally  unlike  in  form 
and  meaning  would  be  recog^nized  lOO  per  cent  of  the  times. 
I  found  that  when  groups  of  6  words  were  exposed  for  5 
seconds,  the  replacement  of  the  words 


(A)  broken,  wander,  career,  native,  patent   , 

Case  I 


by     (B)  simply,   return,   winter,  exitent,   always   j 
respectively,  and 


(A)  couple,   revolt,   beyond,  lesson,   beacon    1 

Case  II 


by     (B)  hoping,  money,  assume,  motive,  voters 
respectively,  and 


[ 


(A)  parish,     shiver,    latest,     insert,     retort   , 

^    Case  III 


} 


by     (B)  devote,  rocken,  hockey,  chosen,  demand 

respectively,  gave  the  following  per  cent,   correct  judgments: 

Case        I  =  92  % 
II  =  98% 
III  =  96% 

calculated  on  the  basis  of  30  judgments  in  each  case.  These 
figures  are  sufficiently  close  to  100%  to  justify  the  acceptance 
of  these  conditions  as  affording  perfect  discrimination  for  totally 
dissimilar  words. 

What  would  happen  if,  instead  of  substituting  wholly  unlike 
words,  I  substitute  words  that  bear  some  resemblance  to  the 
standard  ones? 

SERIES  II 

To  answer  this  question  was  the  purpose  of  the  next  experi- 
ment. To  make  the  answer  conclusive,  however,  it  was  necessary 
to  keep  all  the  conditions  of  the  first  experiment  intact,  i.e. 
not  onb  was  't  csscutial  to  use  6- word  groups  exposed  for  5 
^nr^^f..  ,.^,  t  was  imperative  that  I  employ  the  very  same 
liu,  ^  i^me  settings  and  the  same  observers.  Here  was  a 
Mflfrrn...  rny  subjects  wo"l^'  «iiireh'  r^neniz*^  some  of  th* 

^.-.  ..-.      tViP'       TiicrVit    -»'rf^,       |*-Fi»-  If    f.,t     "^-i.d>       haf    ViaH    b^^tr 
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replaced  on  the  previous  occasion  and  thus  make  an  effort  to 
memorize  them  on  the  first  exposure  in  these  comparative  tests. 
But  inasmuch  as  I  was  proceeding  on  the  assumption  that  simi- 
larity interferes  with  discrimination,  I  allowed  this  factor  to 
stand  because,  if  anything,  it  would  militate  against  my  theory 
and  not  in  favor  of  it.  Hence,  should  I  on  this  second  occasion 
obtain  lower  percentages  than  on  the  first,  my  results  would 
have  all  the  more  value. 

Therefore,  after  an  interval  of  one  month,  using  the  same 
groups  under  precisely  the  same  conditions,  I  replaced  the  words 

(A)  broken,  wander,  career,  native,   patent   .     ^ 

Case  I 


} 


(A)  couple,   revolt,   beyond,   lesson,   beacon    , 


by     (B)  battle,   window,   coming,   notion,  police 
respectively,  and 

by     (B)  control,    remove,   belong,    letter,    better    ) 

respectively  and 

(A)     parish,     shiver,    latest,     insist    retort  ] 
by     (B)     parlor,   shower,   lowest,   insert,   report  j 

respectively,  and  obtained  the  following  per  cent,  correct  recog- 
nition based  on  the  same  number  of  judgments  as  the  former 
percentages : 

Case  r      =  90% 

ir  =94% 
iir  =  9i% 

The  differences  between  the  first  and  second  sets  of  figures  are 
not  large.  But  if  one  bears  in  mind  that  the  observers  found 
nearly  all  the  groups  familiar  this  time,  and  that  because  of 
this  familiarity  they  were  able  to  carry  more  words  by  rote 
memory  during  the  interval,  one  will  have  to  admit  that  the 
substitution  of  one  similar  word  for  another  does  tend  to  inhibit 
recognition. 

Now  it  will  be  asked  why  do  I  divide  these  words  into  cases 
I,  II,  III,  and  r,  ir,  Iir?  The  answer  will  be  found  by  ex- 
amining the  words  under  each  of  the^^e  ^"^tter  case*^   first,  wit^i 
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respect  to  those  in  the  former  ones,  and  then  with  respect  to 
one  another.  The  words  in  case  V  have  one  critical  letter  in 
common,  those  in  case  IF  have  two  initial  letters  in  common, 
and  those  in  IIP  have  three  or  more  symmetrically  arranged 
identical  letters  in  common.  Hence  each  of  the  primed  cases 
differs  from  each  of  the  unprimed  ones  in  absolute  amounts 
of  similarity,  while  they  differ  from  one  another  in  proportionate 
amounts.  Therefore,  if  our  theory  is  true,  then  the  per  cent 
of  correct  recognition  ought  to  vary  inversely  as  the  d^ree  of 
similarity.  Now  this  is  true  with  two  of  the  primed  cases. 
The  reason  why  case  V  is  lower  than  either  IF  or  III'  is  probably 
because  some  of  the  groups  that  fell  within  it  were  difficult  to 
grasp  or  especially  confusing.  This  is  substantiated  by  the  fact 
that  in  series  I  the  analogue  of  this  case,  i.e.  case  I  also  stands 
lower  than  either  of  the  other  two. 

That  this  is  the  true  explanation  is  substantiated  by  the  in- 
trospection of  my  observers.  Some  groups  lent  themselves  to 
internal  associations  better  than  others ;  of  some  the  words  could 
be  carried  in  memory  during  the  interval  more  readily  than  of 
others.  But  the  most  important  thing  for  us  to  notice  is  that 
the  per  cent  correct  recognition  for  each  of  the  primed  cases 
as  compared  with  the  corresponding  unprimed  ones  is  lower. 
Now  the  only  way  the  former  differed  from  the  latter  is  that 
their  variables  possessed  some  symmetrically  arranged  letters  in 
common  with  the  standards.  Otherwise  the  conditions  were 
identical :  case  for  case  the  setting  was  identical,  the  norm  was 
identical,  the  observers  were  the  same  and  so  was  the  time 
of  exposure.  Only  one  circumstance  is  different,  namely,  in  one 
instance  the  variables  bear  no  resemblance  to  the  standards,  in 
the  other  they  do.  Therefore,  this  resemblance  must  be  the 
cause  of  the  diminution  of  recognitive  ability. 

SERIES  III 

In  order  to  obviate  the  necessity  of  performing  two  parallel 

^ests — ^with  and  without  similar  words — it  was  deemed  advisable 

o  have  the  cnti^^^l  words  within  the  same  series  vary  uniformly 
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mined?  One  way  is  to  resort  to  the  judgments  of  competent 
persons,  as  Thomdike  did  in  the  construction  of  his  handwriting 
scale. ^^  This  was  done  in  another  connection,  as  we  shall  see 
in  due  time,  but  in  these  preliminary  experiments  I  decided  to 
rate  each  pair  of  critical  words  on  the  basis  of  the  number  of 
symmetrically  arranged  identical  letters  which  they  possessed 
in  common.  If  the  scale  of  similarity  thus  established  has  any 
objective  validity,  then  it  ought  to  be  made  manifest  by  the 
recognitive  ability  of  the  subjects;  i.e.  the  sum  of  all  correct 
judgments  rendered  for  the  words  of  lowest  similarity,  ought 
to  be  higher  than  the  sum  of  all  correct  judgments  rendered 
for  the  words  next  higher  in  the  scale  of  resemblance.  The  in- 
verse relation  should  always  hold.  This  is  precisely  the  result 
obtained   in   this  series   as   the   following  table   shows: 

Table   i 
6-word  Groups  Exposed  for  3  Seconds. 

No.  Com.  Let o  i  2  4  5  6 

%  C 100  100  91  83  83  50 

No.  Judgments   8  12  12  12  18  8 

%  P.  K 100  90  90  100  100  75 

The  figures  o,  i,  2,  4,  etc.,  in  the  first  horizontal  line  in- 
dicate the  number  of  symmetrically  arranged  identical  letters 
that  the  critical  words  possessed  in  common.  The  next  line 
shows  the  per  cent  correct  recognition  (%  C)  when  such  words 
were  substituted  for  each  other.  The  third  horizontal  line  gives 
the  number  of  judgments  upon  which  the  percentage  is  cal- 
culated. The  fourth  line  {%  P.K.)  shows  the  per  cent  of 
perfect  knowledge  regarding  the  substitution,  i.e.  it  shows  the 
per  cent  of  times  that  the  observer  was  able  to  tell  what  word 
had  been  displaced  every  time  he  recognized  a  new  word. 

At  this  point  I  wish  to  forestall  a  certain  objection  that  might 
be  made.  It  might  be  said  that  the  inverse  relation  shown  to 
exist  between  degree  of  similarity  and  discriminative  ability 
is  inconclusive,  because  the  separate  percentages  are  based  on 
altogether  too  few  judgments.  This  objection  would  bear  weight 
if  it  were  not  for  the  fact  that  in  spite  of  the  fewness  of  our 
cases  the  odds  against  such  an  alignment  of  %  C  as  shown  in 

"Handwriting,  Teachers'  College  Records,  Vol.  XI,  No.  2. 
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Table  i,  occuring  by  mere  chance,  are  very  g^eat.  If  I  had 
attempted  to  find  out  how  6-lettered,  bisyllabic  words  which 
have  two  symmetrically  arranged  letters  in  common,  let  us  say, 
affect  recognition,  and,  on  the  basis  of  only  12  judgments,  de- 
clared that  such  words  can  be  recog^nized  91  per  cent  of  the 
times,  or  that  their  coefficient  of  confusion  is  9%,  then  the 
objection  would  be  valid.  Because  that  would  be  like  trying  to 
determine  the  percentage  of  a  metal  in  a  g^ven  alloy,  which 
contains  four  or  five  kinds  of  metals,  by  making  only  one 
analysis.  That  would  not  be  right.  The  proper  way  for  the 
chemist  to  proceed  in  such  a  case  is  to  make  two  or  three 
analyses  for  the  required  metal,  and  if  his  results  agree  each  time 
or  are  approximately  close  to  one  another,  he  is  sure  of  their 
validity.  That  is  one  way  of  obtaining  certainty.  But  the 
chemist  may  employ  another  method.  Instead  of  making  three 
or  four  analyses  for  the  required  metal,  he  may  make  one 
analysis  for  each  of  all  the  constituents  of  the  alloy,  and  if 
the  percentages  of  the  different  metals  yield  a  total  of  100%, 
then  he  is  just  as  sure  of  the  correctness  of  each  separate  result 
as  he  would  have  been  if  he  had  made  three  or  four  tests  for 
one  metal  alone.*^ 

Likewise  with  our  problem.  Suppose  we  state  it  in  this  form : 
Given  five  pairs  of  bisyllabic  words  which  differ  from  one 
another  uniformly  in  the  number  of  symmetrically  arranged 
letters  that  they  possess  in  common,  what  is  the  probability 
that  these  words  will  produce  confusion  in  the  recognitive  pro- 
cess in  a  uniform  inverse  relation  on  the  basis  of  chance?  Our 
answer  is  this:  Suppose  these  critical  words  fall  into  five  dis- 
tinct groups  determined  by  their  critical  letters,  then  the  chance 
that  words  of  a  definite  degree  of  similarity  will  be  recognized 
the  greatest  number  of  times  is  Ys ,  because  they  might  have  been 
•ecognized  next  to  the  greatest  number  of  times,  or  third  to 
^he  greatest  number  of  times,  or  fourth  or  the  least  number 
of  times;  and  the  same  is  true  of  words  of  any  other  amount 

"'^''e  assume  that  the  several  methods  of  analysis  for  the  several  metals 
-^v  equally  val*'*  ^nd  equally  easy  of  application.    Actually  this  is  seldom 
Siif  ♦V-.     ^  ^''♦•iroi  HiflP'^ulties  ''^  p'^t    n^^*  at**  a<T'»inQt  tV»'  ^ogic  '^^  ^he 


n<      *'ar- 
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of  similarity.  Therefore,  the  probability  that  these  words  which 
differ  from  one  another  in  five  distinct  ways  will  be  uniformly 
discriminated  in  an  inverse  manner  by  mere  chance  is  (j)*  =  3^ 
Or  the  odds  against  such  chance  occurrence,  with  the  minimum 
number  of  judgments  necessary  for  calculation  of  percentages, 
are  3124  to  i.  It  is  highly  improbable,  therefore,  that  the  re- 
sults in  Table  i  would  be  due  to  chance.  Hence,  there  must 
be  a  causal  relation  between  degree  of  similarity  and  ideational 
recognition. 

SERIES  IV 

In  this  series  I  attempted  to  find  out  the  effect  of  transposing 
words  within  the  same  group — not  displacing  them.  Six-word 
groups  were  employed,  and  the  time  of  exposure  was  reduced 
to  2  seconds. 

Table  2 

Per  Cent  Correct  Recognition  when  (two  Words  were  Interchanged  within 

Groups  of  6  words  Exposed  2  Seconds. 

No.  Com.  Let i  2  5 

%  C 63  61  42 

No.  Judgments   12  30  12 

%  P.  K.  100  87  88 

My  next  step  was  to  use  larger  groups  exposed  for  longer 
periods.  I  commenced  with  lo-word  groups  exposed  for  10 
seconds.  A  comparative  test  was  made  among  the  following 
factors:  (i)  substitution  of  words  of  varying  degrees  of  simi- 
larity; (2)  transposition  of  two  dissimilar  words  within  the 
same  group;  (3)  substitution  of  words  of  internal  similarity. 
The  environment  or  setting  was  new  with  each  pair  of  critical 
words. 

Table  3  shows  the  results  of  the  first  factor.  It  is  apparent 
that  the  conditions  of  the  experiment  were  not  ideal.  If  they 
had  been,  we  should  have  obtained  more  than  80%  C.  when  the 
critical  words  had  no  letters,  or  O  letters  in  common,  and  we 
should  also  have  obtained  more  than  84%  C.  when  the  critical 
words  were  identical  throughout.  Whether  the  disturbing 
influence  was  due  to  the  number  of  words  exposed  or  to  the 
lengtl^  of  pvf^Qiire  is  difficult  to  s»v.     Bu    thniigfh  the  con- 
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ditions  under  consideration  permitted  about  i8%  error,  the 
general  results  are  by  no  means  affected,  for  this  amount  of 
error  would  have  distributed  itself  over  all  the  words  in  the 
series,  i.e.  it  would  have  entered  into  the  words  of  each  degree 
of  similarity  in  definite  proportion.^*.  Hence,  the  figures  in 
Table  3,  which  show  the  inverse  relation  between  degree  of  simi- 
larity and  recogfnitive  ability,  are  just  as  conclusive  as  they  would 
have  been  if  the  conditions  of  the  experiment  had  been  ideal. 

Table  3 
Per  Cent   Correct  Recognition   for   lO-word  Groups   Exposed   lo  Seconds. 

No.  Com.  Let 0123456  Identical 

%  C 80        . .        90       76        74       544     46  84 

No.  Judgments    .......  30        ..        12        12       30       30        18  18 

%  P.  K 63        ..      100       43        93       93       80 

On  transposing  two  totally  dissimilar  words  within  the  same 
group,  the  change  was  noted  in  62.6%  of  the  cases.  This  calcu- 
lation is  based  on  78  judgments.  Obviously  it  is  just  as 
difficult  to  recognize  the  interchange  of  two  words  within  a 
lo-word  group  as  it  is  to  discriminate  one  6-lettered  word  from 
another  when  both  have  4  or  5  symmetrically  arranged  identical 
letters  in  common. 

We  turn  now  to  a  consideration  of  the  third  factor — ^the  dis- 
crimination of  words  of  internal  similarity.  The  material  used 
in  this  instance  consisted  of  14  pairs  of  synonyms  of  two 
syllables,  selected  at  random  from  Webster's  International  Dic- 
tionary. Each  substitution  was  judged  by  five  subjects**^  and 
out  of  a  total  of  75  trials,  63.7%  were  successful.  It  would 
appear  then  that  the  substitution  of  one  synonym  for  another 
is  just  as  difficult  to  detect  as  the  interchange  of  two  dissimilar 
A^ords  within  the  same  group,  or,  as  the  substitution  of  one  word 
for  another  both  of  which  have  between  4  and  5  identical  letters 
in  common. 

But  I  refused  to  remain  satisfied  with  this  "average"  result, 

and  the  chief  reason  is  that  there  was  considerable  difference 

in  the  %  C.  of  some  of  these  synonym-substitutions.    On  ask?"e 

.iy,c**K  "hat  this  might  be  due  to,  I  cmil'-    inH  -in  nther  ve  'fi?blt 

'  *.        )r'^V»' *ni  is  discussed  niatb'»"i;  ^'cai.-     •«     ,r      t'^— , 
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answer  but  that  there  might  be  a  difference  among  the  synonyms 
in  degree  of  propinquity. 

I  had  no  objective  standard  whereby  to  measure  the  similarity 
of  the  synonyms.  At  first  I  hoped  to  find  some  scale  of  measure- 
ment by  noting  the  serial  order  in  the  dictionary,  in  which  one 
word  appeared  as  a  synonym  of  the  other;  but  this  order  was 
reciprocal  for  only  two  of  the  fourteen  pairs  of  words  chosen. 
I  therefore  decided  to  classify  the  nearness  of  the  synonyms  by 
resorting  to  a  large  number  of  judgments.  I  established  three 
classes  or  orders;  into  the  first  went  those  synonyms  that  were 
closest  in  similar  meaning;  into  the  second,  the  next  closest; 
and  into  the  third,  the  least  closest. 

The  14  pairs  of  synonyms  were  printed  in  two  vertical  col- 
umns. The  list  was  given  to  each  of  12  persons,  with  the  in- 
structions to  judge  the  words  in  pairs  on  the  basis  of  likeness 
in  meaning,  and  to  distribute  them  into  the  three  groups  men- 
tioned above.  When  each  individual  had  finished  judging  he  was 
engaged  in  conversation  for  two  or  three  minutes  so  as  to  elimi- 
nate from  his  memory  all  recollection  of  the  values  rendered. 
Then  the  same  list,  with  the  columns  reversed  was  handed  to  him 
for  a  second  valuation.  This  interval  was  not  too  short,  because 
all  the  men  declared  that  on  going  over  the  second  list  they 
did  not  remember  any  of  the  previous  judgments,  except  the 
one  rendered  for  the  first  pair  of  words. 

The  twelve  men  who  judged  the  synonyms  for  me  in  this 
way  were  graduate  students.  Five  of  them  were  specializing 
in  English,  the  other  seven  were  men  of  high  intellectual  ability. 
From  these  twelve  men  I  obtained  24  judgments  for  each  pair 
of  words.  If  we  number  these  pairs  i,  2,  3,  ....  14,  and 
represent  the  classes  into  which  they  were  placed  by  the  Roman 
numbers  I,  II,  III,  we  get  the  following  table. 

Table  4 

Degree  of   Propinquity  of   Synonyms  and   Frequencies   for   Each   Pair   of 

Synonyms 

Class                               I  2  3  4  5  6      7  8  9  10  II  12  13  14 

I    7  5  4  12  13  7      o  10  I  '^.  o  I  6  o 

II    6  10  5  12  10  8    13  6  8  -  8  14  ID  7 

III    I  9  15  o  I  on  8  15  ,  16  9  8  17 

Av I "»  2.1  2.5  1.5  i.f  "    >  c  Tr  o*  ^  "7  ^j  01  o/> 
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The  manner  in  which  most  of  the  12  subjects  estimated  the 
synonyms  was  to  see  how  each  member  of  a  given  pair  would 
function  in  the  same  context.  If  the  words  could  be  inter- 
changed in  a  g^ven  sentence  without  violating  good  usage,  they 
were  put  into  class  one;  if  not  they  were  put  into  one  of  the 
other  classes.  This  is  the  reason  why  some  of  the  words  were 
put  into  a  different  class  on  the  second  reading  from  the  one  to 
which  they  were  assig^ned  on  the  first.  Thus,  one  of  my  sub- 
jects gives  the  following  reason  for  changing  his  judgment 
with  the  words  "acquire-obtain." 

"When  I  looked  at  the  words  in  their  first  order,  "acquire- 
obtain,"  I  associated  a  noun  with  the  first  word  so  as  to  make 
sense,  I  said,  "acquire-fame."  Then  I  replaced  "acquire"  by 
"obtain''  to  see  if  it  would  make  as  good  sense,  and  when  I 
saw  that  "obtain  fame"  did  not  sound  well,  I  considered  the 
words  to  be  unfit  for  the  first  class,  and  so  put  them  into  the 
second.  But  when  I  looked  at  the  words  in  the  reverse  order — 
"obtain-acquire,"  I  associated  the  first  with  the  word  "wealth," 
and  when  I  replaced  the  first  by  the  second  and  saw  that  "obtain 
wealth"  and  "acquire  wealth"  hang  together  equally  well,  I 
put  the  words  into  the  first  class." 

Some  of  my  judges  being  more  critical  than  others,  would 
try  five  or  six  different  settings  before  giving  their  final 
judgment. 

Having  classified  our  synonyms  on  the  basis  of  internal  simi- 
larity, we  are  in  a  position  to  see  how  they  influenced  the 
processes  of  recognition.  This  result  is  shown  in  Table  5. 
The  figures  in  the  first  column  represent  the  order  in  which  the 
synonyms  were  judged  for  their  similarity,  they  correspond, 
of  course,  to  the  numbers  i,  2,  3,  .  .  .  .  14  of  Table  4.  The 
second  vertical  column  contains  the  synonyms  themselves,  those 
under  N  being  presented  on  the  first  exposure  in  the  recognition 
tests,  and  those  under  V  being  substituted  for  the  N*s  on  the 
second  exposure.  The  third  column  contains  the  similarity  value 
calculated  on  the  basis  of  24  judgments.  Column  four  shows 
the  per  cent  correct  recognition  when  the  substitution  was  made. 
The  other  two  columns  explain  themselves. 
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Table  5 

Degree  of  similarity  and  per  cent  correct  recognition  when  syncmyms  are 
substituted  in  lo-word  groups  exposed  for  10  seconds. 

Word  Substituted  Degree"  Av.        Av. 

Qass        No.    V  for  N.  of  Sim.   %  C       Sim.      %  C. 

I    tumuH  uproar  i'.3  66 

I  4    protect  defend  1.5  70  1.5  54 

5  obtain  acquire  1.5  10 

10  usage  custom  1.6  70 

8  compute  reckon  1.9  42 

II  2    maxim  axiom  2.1  33  2.1  61 

6  afraid  timdd  2.1  90 

13  except  unless  2.1  80 

12  provoke  excite  2.3  83 

3  ordain  appoint  2.5  100 

III  7  outrage  insult  2.5  80  2.3  72 

9  disguise  conceal  2.6  50 

14  busy  active  2.6  60 

11  correct  improve         2.7  58 

The  foregoing  figures,  especially  those  in  the  last  two  columns, 
again  point  to  the  fact  that  ideational  recognition  varies 
inversely  as  ideational  similarity. 

It  may  be  interesting  to  ask  just  how  one  similar  idea  re- 
places another  in  consciousness  and  forces  its  own  acceptance 
in  place  of  the  other,  like  some  carefully  disguised  pretender? 
When  the  word  "depend,"  let  us  say,  is  exposed  among  9  other 
words  for  10  seconds,  the  subject  gets  an  ideational  impression 
from  it,  which  he  either  succeeds  or  does  not  succeed  in  associat- 
ing with  other  ideas,  and  which  he  either  does  or  does  not  carry 
in  memory  during  the  20-seoond  interval  between  the  first  and 
second  exposure.  As  a  rule  my  observers  seldom  carried  over, 
from  the  first  to  the  second  exposure,  more  than  4  or  5  words, 
by  rote  memory.  Not  knowing  what  word  would  be  replaced 
or  if  any  replacement  would  occur  at  all,  he  lodes  at  the  gproup 
on  the  second  exposure  in  a  searching  manner.  Each  of  the 
repeated  words,  i.e.  the  words  constituting  the  milieu,  seems 
to  "fit  in."  Finally  he  comes  to  the  substituted  word  "protect". 
Now  somewhere  in  the  margin  of  his  consciousness  is  the  idea, 
not  the  word,  but  the  idea  "defend."  Well,  "protect"  seems 
to  express  that  idea  so  perfectly  that  he  accepts  it  as  the  word 
which  had  induced  the  idea  in  the  very  beginning.     Or  suppose 

"The  lower  numbp»*«  stan^'  ^''^  Hos'^et  similaritv. 
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the  sight  of  the  substituted  word  "protect"  calls  the  word 
"defend"  to  the  foreground  of  consciousness,  or  better  still, 
suppose  the  observer  even  carries  over  "defend"  from  the  first 
to  the  second  exposure;  yet  nevertheless,  because  "protect"  is 
so  close  to  it  in  meaning,  he  will  begin  to  hesitate,  wondering 
whether  "defend"  did  not  creep  into  consciousness  surreptitiously, 
or  suddenly  come  up  by  association,  and  he  will  oscillate  be- 
tween the  two  words,  often  declaring  that  "protect"  is  the  word 
he  saw  on  the  first  exposure  because  "it  fits  in."  Indeed,  this 
was  an  expression  frequently  used  in  describing  a  word  that  was 
recognized  as  the  "same"- — "it  fits  into  consciousness,"  or,  "it 
fits  in  with  the  rest,"  or,  "it  arouses  the  same  idea,"  or,  "it  fits 
in  with  the  image  I  had  of  it,"  or  finally,  "the  idea  produced 
by  this  word  fits  in  with  the  state  of  consciousness  that  is 
reproduced  by  the  other  words." 

If  we  now  bring  together  the  results  of  these  preliminary 
experiments,  we  note  the  following  facts: 

( 1 )  Under  the  given  conditions  of  the  experiment  the  trans- 
position of  two  dissimilar  words  within  the  same  group  is 
approximately  equivalent  to  the  substitution  of  one  6-lettered 
word  for  another,  both  of  which  have  4  or  5  symmetrically 
arranged  identical  letters  in  common. 

(2)  The  substitution  of  one  synonym  for  another  of  the 
first  order  is  equivalent  to  the  substitution  of  one  6-lettered 
word  for  another,  both  of  which  have  5  symmetrically  arranged 
identical  letters  in  common. 

(3)  The  substitution  of  a  synonym  of  the  second  order  for 
another  is  equivalent  to  the  substitution  of  6-lettered  words 
which  have  between  4  and  5  letters  in  common. 

(4)  The  substitution  of  a  synonym  of  the  third  order  for 
another  is  equivalent  to  the  substitution  of  6-lettered  words  which 
have  4  letters  in  common. 

(5)  There  is  an  inverse  relation  between  degree  of  similarity 
and  recognitive  ability. 

Individual  Differences 

The  individual  differences  among  the  observers  can  best  be 
>no'vn  i)v     he  per  c*"'    '^'st  'butior  of  the^r  iu^rT»*'nts.     The 
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following  table  gives  the  results  with  respect  to  the  absolutely 
correct  (  +  ),  the  doubtful  (±:),  and  incorrect  ( — )  recognitions. 

Table  6 

Per  cent  Distribution  of  Judgments 

Subjects  + 

An 51 

Wi 54 

El 64 

Gi 69 

Se 69 

To 74 

Av 63.5         10.5  26 


13 

36 

6 

40 

9 

27 

II 

20 

15 

16 

9 

17 

PART  II 
The  Quantification  of  Similarity  and  Recognition 

The  encouraging  results  obtained  from  the  foregoing  method 
of  classifying  our  material — a  material  which  at  first  sight  would 
appear  to  lend  itself  least  of  all  to  measurement' — ^justified  the 
extension  of  this  process  in  a  more  refined  manner.  If  words 
that  differ  from  one  another  in  the  number  of  commonly  pos- 
sessed symmetrically  arranged  letters,  have  their  specific  in- 
fluence on  recognitive  ability,  why  can  we  not  measure  the 
similarity  of  these  words  in  terms  of  per  cent,  and  then  sec 
what  relation  exists  between  any  g^ven  per  cent,  of  verbal 
symmetry  and  recognition?     This  is  our  next  task. 

Peters  in  his  experiment  on  Association  by  Similarity  ^  made 
at  attempt  to  measure  verbal  similarity  in  terms  of  per  cent. 
But  he  used  nonsense  syllables,  hence  his  task,  which  consisted 
merely  in  taking  the  mathematical  ratio  of  the  repeated  con- 
sonants or  sounds  in  two  such  words  to  the  total  number  of 
consonants  or  sounds  in  those  words,  was  much  simpler  than 
ours,  inasmuch  as  he  did  not  have  the  meaning  element  to 
contend  with. 

Thus  he  declares,  "Roughly  speaking,  one  might  say  that  the 
presented  syllable  in  which  one  out  of  three  sounds  is  changed^ 
shows  a  difference  of  33%  from  its  prototype."^  By  increasing^ 
the  number  of  letters  or  sounds  in  his  words  he  was  able  to 
make  finer  changes  still.  For  example,  the  change  from  "gafum** 
to  "maf um"  =  20%  difference ;  from  "kugos"  to  "fulos"  = 
40%  difference;  and  from  "gaafes"  to  "raafur'  =  6o%  dif- 
ference— there  being  changes  of  i,  2,  3  sounds  respectively  in 
a  total  of  5. 

The  same  author  also  found  that  whether  a  change  is  made 
>*  the   beginning,    middle,   or   end    of   a  word    the   effect   ^m 
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creasing  similarity.  It  was  my  aim  to  build  a  lo-unit  scale, 
but  I  could  not  find  a  sufficient  number  of  words  of  the  proper 
length  and  homogeneity  to  enable  me  to  do  this. 

The  40  pairs  of  words  were  therefore  divided  into  8  equal 
groups  on  the  basis  of  the  difference  above  mentioned.  This 
measurement  of  the  words  was,  of  course,  wholly  arbitrary. 
Whether  the  mathematical  values  assigned  to  them  expressed 
their  actual  similarity  I  did  not  know.  So  it  was  deemed 
advisable  to  make  a  comparative  test  by  having  the  words  judged 
for  similarity  by  a  large  number  of  individuals  in  the  same  way 
as  the  synonyms  mentioned  on  page  23  were  judged. 

The  words  were  typewritten  in  pairs  horizontally,  thus  form- 
ing two  vertical  columns,  and  handed  to  each  of  35  university 
men  and  women  with  the  request  that  they  estimate  their  simi- 
larity in  terms  of  percentage.  The  average  and  mean  variation 
of  these  35  judgments  were  then  calculated  with  respect  to  each 
pair  of  words,  and  said  average  was  denominated  as  the 
psychological  similarity  (P.S.)  in  contradistinction  to  their 
mathematical  similarity  (M.S.) 

The  following  list  contains  a  representative  word  from  each 
of  the  eight  sub-groups.  The  numbers  preceding  the  words 
show  the  order  in  which  the  latter  were  judged.  Those  under 
N  were  the  "norms"  in  the  recognition  tests,  to  be  mentioned 
presently,  those  under  V  were  the  variables. 

Order  of  presentation  both  for 
valuation  and  recognition. 


N 

2  CULLENDER 

4  LIBSETTO 

7  SEDULOUS 

14  nxusioN 

8  MUTINOUS 
II  DISPOSAL 
13  SENSIBLE 

5  HOLINESS 


V 

SOCIETY 

UNOTYPE 

SEDITION 

ILLUMINE 

MUTINEER 

DISPOSER 

SENSIBLY 

HOLINESS 


Comparative  Skmlaritar 

%  P.S. 

M.V. 

%M^ 

0 

0 

0 

25 

16 

25 

45 

19 

37 

52 

13 

^ 

73 

IS 

63 

77 

9 

75 

86 

7 

87 

100 

0 

xoo 

The  following  table  contains  the  results  of  the  psychological 
judgments  rendered  for  each  pair  of  words.  The  nun:d)ers  in 
heavy  type  at  the  head  of  each  vertical  column  represent  the 
mathematical  similarity    (%  M.S.)   of  the  'vords  within  that 

•nli^mn         The    figUrC*      Hlir<>/**li'      inH*>rr./>»j<-Vi      -op-^-^j^gnf     «-Vie    DSV" 
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chological  values  assigned  to  each  pair  of  words  which  are 
indicated  by  the  small  numbers  to  the  left  of  the  column, 
tmder  W. 

Table  7 

Per  Cent  Psychological  Similarity  of  Each  Pair  of  Words  Based  on  the 

Judgments   of   35   Individuals. 


%  M.S.  = 

0 

25 

37 

50 

62 

75 

«7 

100 

W 

W 

W 

W 

W 

W 

W 

W 

2 

0 

4 

25 

7 

45 

6 

43 

8 

73 

II 

77 

3 

81 

5 

100 

9 

0 

15 

40 

16 

30 

14 

52 

18 

38 

20 

77 

13 

86 

12 

100 

17 

0 

27 

20 

25 

35 

21 

66 

24 

l\?. 

26 

81 

22 

85 

19 

100 

29 

0 

35 

22 

32 

25 

31 

40 

28 

46 

zz 

85 

44 

73 

30 

100 

39 

0 

42 

32 

Z7 

2Z 

43 

37 

36 

75 

40 

70 

46 

84 

38 

100 

Av.  %  P.S.= 

=0 

28 

32 

48 

63 

7« 

82 

100 

The  average  psychological  similarity  (Av.%  P.S.)  of  the 
words  within  any  group  corresponds  sufficiently  close  to  the 
mathematical  value  of  the  same  group  to  justify  the  method  of 
classification  employed. 

We  have  now  ideational  material  that  is  uniformly  graded — 
conceptualized  stimuli  that  differ  from  one  another  in  absolute 
units.  Our  next  step  was  to  find  out  what  influence  these 
measured  stimuli  have  on  the  recognitive  process.  To  this  end 
each  of  the  critical  words  was  typewritten  in  capital  letters  on 
3  X  5  in.  plain  filing  cards,  together  with  7  other  words  of  the 
same  length  called  "fillers."  These  cards  came  in  pairs,  as  the 
following  figures  show.  The  position  of  the  critical  words  varied 
with  different  pairs,  but  was  kept  constant  with  each  pair. 

There  were  three  kinds  of  word  lists :  ( i )  Those  comprising 
the  critical  words  that  varied  between  o  and  87%  S  inclusive. 
In  this  case  the  setting  was  identical  with  the  two  members  of 
each  pair,  but  differed  from  pair  to  pair.  (2)  Those  that  were 
100%  S  with  the  exposure  made  in  the  same  setting  both  times. 
(3)  Words  that  were  100%  S  but  exposed  in  totally  dissimilar 
settings  the  first  and  second  times.  Here  it  was  my  desire  to 
see  what  effect  the  perception  of  the  same  thing  in  a  new  environ- 
ment would  have  on  recognition.  We  shall  note,  later  on,  that 
this  last  factor  has  considerable  significance  for  theoretical  as 
well  as  for  applied  psychology. 
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45  A :  o%S 

Samfles  of  Word-Cards 

Fig.  I 

45  B :  o%S 

ENERGIZE 
FOLLOWER 
HARDENED 
INTERVAL 

EXAMPLE 
GERMINAL 
IMFOSTER 
UQUIFY 

ENERGIZE                         EXAMPLE 
FOLLOWER                       ROADSIDE 
HARDENED                      IMFOSTER 
INTERVAL                        LIQUIFY 

ir  A:  75%S 

Fig.  ] 

[I 

iiB:759^S 

ASSISTANT 
INSOLENT 
DISPOSAL 
GASOUNE 

DIFFICULT                       ASSISTANT 
REGISTER                          INSOLENT 
LIBERATE                         DISPOSER 
ADVOCATE                        GASOUNE 

DIFFICULT 
REGISTER 
LIBERATE 
ADVOCATE 

5  A:ioo%* 
in  N.E. 

Fl 

G.    Ill 

5  B :  ioo%S 
in  N.R 

REOMU^R 
RECENTLY 
REGIMENT 
PARARIjr. 

PLAINTIFF 
REGISTRY 
SACRIFICE 
REMEDY 

SCIENTIST                       MOBILIZE 
MODESTY                         OFFERING 
MODERATE                       OFFICIAL 
PARABLE                          PANOPLY 

*  N.  E.  =  new  environment ;  'A"  was  the  standard  card,  *B'  the  variable. 

These  typewritten  cards  were  then  taken  into  the  laboratory^ 
and  each  of  them  exposed  for  4  seconds.  The  interval  between 
the  first  and  second  exposure  of  each  pair  was  20  seconds;  that 
between  any  two  pairs  varied  from  2  to  4  minutes,  depending 
on  the  time  it  took  to  record  the  introspection.  The  order  of 
presentation  was  the  same  for  all  observers. 

The  exposure  apparatus  was  similar  to  the  one  already  de- 
scribed, only  much  simpler.  It  consisted  of  a  vertical  cardboard 
screen  which  separated  observer  from  experimenter  complete^. 
A  drop  shutter,  controlled  by  a  string  running  over  a  pulley, 
moved  up  and  down,  opening  and  closing  a  6  x  6  inch  window. 
Within  3  inches  of  this  opening  lay  the  printed  card  on  a 
slightly  inclined  black  background.  The  distance  of  the  card 
^rom  the  observer's  eyes,  when  he  sat  in  a  comfortable  position, 
was  about  12  inches.  The  time  that  the  shutter  occupied  in 
•oening  or  closinr  the  window  was  approximately  %  sec. 
"nr  this  '^'^^  ^'     ^Tv^riments  I  had  four  subjects — one  woman 
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thoroughly  experienced  in  the  kind  of  observation  needed  in 
this  investigation,  having  been  my  subjects  in  the  recognition 
of  picture  post  cards — of  which  more  hereafter- — for  three 
months  previous  to  these  tests. 

I  gave  them  the  following  instructions :  "I  am  going  to  ex- 
pose a  group  of  8  words  for  4  sec.  I  want  you  to  look  at 
all  the  words  carefully.  Try  to  assimilate  them.  Yet  do  not 
dwell  on  one  word  at  the  expense  of  others,  but  try  to  dis- 
tribute your  attention  over  all  of  them  equally.  After  the 
.first  exposure  there  will  intervene  a  period  of  20  sec.  during 
which  you  must  try  to  keep  your  mind  fixed  on  the  experiment. 
After  this  interval  the  shutter  will  go  up  and  again  remain 
open  4  seconds.  Look  at  the  second  card  and  see  if  it  differs 
from  the  first.  In  the  second  exposure  there  will  exist  four 
possibilities;  either  all  the  words  may  be  changed,^  or  all  but  one, 
or  none  may  be  changed,  or  only  one.  See  which  of  these 
events  occurs.  And  if  you  discover  a  change,  tell  me  what  it  is, 
i.e.  tell  me  not  only  what  word  you  think  is  new,  but  also  what 
word  you  think  it  has  displaced.  Note  everything  that  goes 
on  in  your  consciousness.'* 

It  should  be  obvious  to  the  reader  that  I  used  words  of  0%  S 
and  "identical''  groups  as  controls  in  this  experiment.  For 
before  I  could  establish  a  relation  between  degree  of  similarity 
and  recognitive  ability,  it  was  necessary  to  find  those  condi- 
tions which  (with  the  exposure  of  the  largest  number  of  items 
for  the  shortest  possible  time),  would,  on  the  one  hand,  yield 
100  per  cent  correct  discriminations  when  an  object  of  0%  S 
was  substituted,  and,  on  the  other  hand,  yield  100  per  cent, 
correct  recognitions  when  an  object  of  100%  S  was  exposed, 
i.e.  when  no  change  was  made  at  all. 

The  present  condition — 8  objects  exposed  for  4  seconds — did 
not  give  such  ideal  results;  but  as  the  aim  of  the  investigation 
is  to  find  that  combination  of  t  and  N  (t  ^  time  of  exposure, 

■  Actually  I  did  not  have  cards  on  which  all  the  words  were  changed,  but 
it  is  advisable  to  have  such. 
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N  =  number  of  objects  exposed),  that  wotild  give  those  kinds 
of  results,  we  shall  return  to  this  problem  presently. 

Table  8  contains  the  results  of  the  recognition  tests  carried 
on  with  these  standardized  words.  Comparing  %  C  with  %  S 
we  note  that  as  similarity  increases,  recognitive  ability  decreases. 
This  may  be  called  the  first  law  of  recognition.  The  only 
criticism  that  might  be  made  is  that  I  did  not  have  enough  ob- 
servers in  this  set  of  experiments.  But  the  results  harmonize 
so  well  with  those  obtained  from  seven  observers  using  similar 
material,®  as  well  as  with  those  obtained  from  ten  subjects  in 
the  picture  post  card  tests,''  that  they  cannot  be  due  to  chance. 

Table  8 

Relation    between    Degree   of    Similarity   and    Recognitive    Ability   given  in   terms   of 
Per  Cent,  when  Words  are  Exposed  in  Groups  of  8  for  4  Seconds. 

%    M.S.    =     0  25  37  50  62  7S  87  ^JOO       *I00 

W%C     W%C     W%C     W%C     W%C     W%C     W%C  N^ 

w%c   w%c 

2  87   4  100  7  75   6  75   8  37   n  37   3  75  10  50  S    SO 

9  87   15  87  16  50   14  13   18  38   20  25   13  o  23  100  13  100 

17  87   27  83  25  87   20  50  24  [o]  26  13   22  13  34  100  19  50 

29  100   30  100  32  75   31  50   28  38   33   o   44  37  4i  75  30  7S 

39  100   42  50  37  87   43  75   36  87   4o[ioo]  4^  o  48  88  38  (^ 

45  87  47  n» 

Av.%  C  =  91     84  75            53            40            35  25            83  Z3 

Corrected 

results     100             90  80            56            42            35  25              o 
*  These  were  the  identical  groups  presented  in  both  exposures. 

'  In  the  second  exposure  only  one  of  the  words  from  the  previous  list   appeared  in  a 

totally  new  environment.    For  meaning  of  "corrected  results"  6ee  discussion  that  ioUoirt. 

Let  US  now  analyse  the  results  of  table  8.  In  the  first  {dace, 
it  will  be  noticed  that  when  a  substitution  of  0%  S.  was  made» 
only  91%  of  the  judgments  were  correct,  i.e.  the  observers 
failed  to  recognize  such  substitution  in  9%  of  the  cases.  On 
the  other  hand,  when  the  identical  group  was  re-exposed,  they 
declared  in  17%  of  the  cases  that  one  word  was  new.  We 
see,  then,  that  in  one  case  there  is  a  tendency  of  9%  to  say 
that  a  thing  is  the  same  when  it  is  absolutely  different;  in  the 
other  case  there  is  a  tendency  of  17%  to  say  that  one  of  8  things 
is  different  when  all  are  identical.  How  shall  we  interpret  the 
results  for  the  intermediate  values  of  S    in  the  light  of  the«a 

•See  p.  24. 
^"»e  p.  ^ 
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errors?  As  we  have  said  on  a  previous  occasion,  these  errors, 
if  such  we  may  call  them,  do  not  affect  our  general  conclusion, 
namely,  that  there  exists  a  simple  inverse  relation  between  de- 
gree of  similarity  and  recognitive  ability,  because  they  enter 
proportionately  into  the  judgments  rendered  for  each  unit  of 
the  scale.  But  inasmuch  as  it  is  our  desire  to  discover  the 
exact  relation  between  any  particular  amount  of  similarity  and 
recognitive  ability,  we  must  see  in  what  proportion  these  errors 
distribute  themselves  throughout  the  entire  scale. 

We  note  that  where  the  second  exposures  were  identical  with 
the  first,  the  subjects  declared  that  there  was  a  change,  17% 
of  the  times.  Does  this  mean,  then,  that  the  judgments  of 
"change*'  rendered  in  those  cases  where  a  change  actually 
occurred  are  17%  too  high?  No.  For  suppose  this  index  to 
represent  the  tendency  to  make  chance  judgments  of  "change" 
with  respect  to  any  one  of  8  identical  objects,  then  the  probability 
that  such  a  chance  judgment  could  have  been  rendered  for  the 
one  particular  word  which  had  actually  been  changed  among  8, 
is  ^  X  17%  =  2.1%.  This  is  assuming  that  the  particular 
word  in  question  is  100%  S.  But  we  cannot  say  that  the  same 
amount  of  error  would  enter  into  the  judgments  of  change 
rendered  for  objects  of  less  than  100%  S.  For  such  objects 
would  possess  a  certain  amount  of  dissimilarity  which  would 
have  a  tendency  of  its  own  to  elicit  the  judgment  "change." 
And  in  proportion  as  such  objects  were  removed  from  100%  S, 
in  that  proportion  would  that  inherent  tendency  increase,  while 
the  tendency  to  say  "change"  on  the  basis  of  illusion  or  mere 
chance  would  diminish.  Moreover,  it  has  been  shown  con- 
clusively that  it  is  much  easier  to  recognize  a  new  object  as 
different  than  a  previously  experienced  object  as  the  same.® 

Now  we  have  said  that  there  is  a  simple  inverse  relation  be- 
tween degree  of  similarity  and  recognition.  Therefore,  inas- 
much as  17%  of  error  was  made  with  respect  to  8  words  of 
100%  S,  the  amount  of  error  that  would  have  been  made  with 
respect  to  words  of  87^8  is  0.87x0.17  =  0.14,  i.e.  14%. 
But  since  only  one  word  was  changed  among  8,  the  probability  of 

'Meumann,  op,  cit. 
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saying  that  that  particular  one  was  changed,  whether  the  change 
was  noticed  or  not,  would  be  .78  x  .17  x  }^  =  1.7%.  And  so 
on  down  the  scale,  clear  up  to  the  point  where  the  probability  of 
declaring  a  word  of  0%  S  changed,  on  the  basis  of  mere  chance, 
would  be  ox.i7xj5^=o. 

Hence,  we  may  say  in  general,  let  X  be  the  per  cent  of  wrong 
judgments,  i.e.  judgments  of  change  when  no  objective  change 
occurred,  and  let  S  be  any  particular  unit  on  the  similarity 
scale,  and  finally,  let  A  be  the  number  of  items  changed  and 
B  the  total  number  of  items  exposed.  Then  our  formula  for 
the  chance  correct  judgments  is 

SX.  A  =  K' 
B 

which  value  must  be  subtracted  from  %  C  corresponding  to  the 

%S  in  the  formula. 

On  the  other  hand,  when  we  turn  to  the  zero  end  of  the 
scale,  we  find  that  our  observers  failed  to  recognize  9%  of 
the  substitutions.  Evidently  the  conditions  of  the  experiment 
were  such  that  that  number  of  objects  of  0%  S  or  100%  D, 
(D  =  dissimilarity),  escaped  the  attention  of  the  subjects.  Is 
it  not  likely,  then,  that  the  same  thing  happened  with  respect 
to  the  other  units  of  the  scale?  Again  we  answer  no.  For  wc 
have  no  right  to  assume  that  9%  of  the  substitutions  of  87%  S 
also  escaped  recognition  owing  to  the  conditions  of  the  experi- 
ment, because  such  words  contained  a  certain  amount  of 
identity — 87% — ^which  would  have  a  tendency  of  its  own  to 
elicit  the  judgment  "the  same."  Likewise  with  words  of  every 
value  of  S. 

Suppose  we  let  0%  S  =  100%  D,  25  %  S  =  75%  D,  and  in 
general  x%  S  =  (ioox)%  D,®  then  inasmuch  as  the  subjects 
failed  to  recognize  g%  of  the  changes  in  a  100%  D  substitution, 
in  a  75%  D  substitution  they  would  fail  to  recognize  .75  x  .09  = 
7%  of  the  changes.  And  so  in  general,  the  number  of  sub- 
stitutions that  our  observers  would  have  recc^ized,  if  the 
conditions  of  the  experimen    ""^d  \^*^n  Me^l.    vr-il/  iiav-i  beet. 
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in  addition  to  those  already  recorded,  (lOO-S)x.og  for  any 
value  of  S.  This  value  must  be  added  to  %  C  in  each  case.  If 
now  we  let  Y  stand  for  the  per  cent  of  the  cases  in  which  the 
observers  failed  to  recognize  the  substitution  of  a  totally 
dissimilar  object,  our  Correction  Formula  becomes 


(loo-S)Y  — SX. 


B 


=  K 


which  value,  with  its  algebraic  sign,  should  be  added  to  %  C 
corresponding  to  the  S  In  the  formula.  If  we  apply  this  formula 
to  the  Av.  fo  C's  in  Table  8,  we  obtain  the  "corrected  results" 
which  appear  in  the  last  horizontal  line  of  that  table. 

By  arranging  our  stimuli  along  the  abcissa  and  the  tecog- 
nition  judgments  along  the  ordinate,  we  obtain  the  curves  in 
Plate  I.  Curve  I  is  drawn  on  the  basis  of  the  uncorrected 
judgments,  curve  II  represents  the  resuhs  after  the  Correction 


Per  Cent  Correct  Recognition 
Groups  of  8  for  4  Seconds. 


-syllabic  Words  are  Exposed  in 
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Formula  has  been  applied,  i.e.  as  they  would  have  appeared  if 
the  conditions  of  the  experiment  had  been  ideal.  In  reading 
the  curves  it  should  be  understood  that  %  C  means  per  cent 
judgments  of  change,  which  judgments  were  correct  in  all  cases 
except  where  S  had  a  value  of  ioo%. 

Note — The  full  advantage  of  the  Correction  Formula  will  become  ap- 
parent in  the  last  part  of  this  paper. — the  part  on  applied  psychology.  Suffice 
it  to  say  at  this  point  that  it  serves  to  establish  a  relation  between  degree 
of  similarity  and  recognitive  ability  in  terms  of  the  0-and  ioo%  S  ends  of 
the  scale,  and  in  doing  so  it  makes  that  relation  practically  absolute. 

Analysis  of  Results 

How  were  the  judgments  distributed  and  why  did  some  of 
them  vary  so  largely  with  words  of  the  same  mathematical 
value  and  approximately  of  the  same  psychological  value?  For 
example,  W(33)  which  equals  75%  S  yields  o%  C,  whereas 
W(4o)  also  having  a  value  of  75%  S  yields  100%  C 

The  first  part  of  the  question  is  answered  by  Table  9.  If 
4-  =  a  correct  judgment  respecting  a  change  or  no  change, 
according  as  one  was  or  was  not  made;  and  if  —  =  a  wrong 
judgment,  i.e.  failure  to  note  a  change  when  one  occurred  or 
asserting  that  a  change  took  place  when  none  did;  and  finally, 
if  ±:  =  a  doubtful  judgment — one  that  varied  between  20  and 
79%  certainty,  then  we  see  that  the  judgments  were  distributed 
in  the  following  manner: 


Tabtj:  9 

Distribution  of  Judgments 

%s  = 

0 

25           37           so           62 

7S 

87 

100 

+  = 

19 

12           II             7            6 

6 

3 

14 

:+:   = 

4 

6764 

2 

4 

5 

—   — 

— 

—                 I                 6               ID 

12 

13 

I 

Table  9  shows  very  strikingly  how,  with  increasing  similarity, 
the  judgments  pass  from  positive  correctness  through  doubt  to 
definite  error.  When  the  stimuli  were  totally  dissimilar,  none 
of  them  were  definitely  mistaken  for  each  other.  About  17% 
of  them  were  doubtful.  When  they  reached  25%  S,  33  per 
cent  of  them  became  doubtful,  but  as  yet  none  were  mistaken. 
It  is  only  when  the  stimuli  become  37%  S  that  a  positive  mis- 
take occurs,  and  t^^'s  happens  once  ^"^  of  19  trials,  but  the 
nurnher  ^^f  doub^^i?      iHormer  «       '^q  -,        -^      »  iil^  the  c^^^c** 
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ones  diminish  correspondingly.  When  the  stimuli  are  50%  S, 
the  judgments  are  distributed  almost  equally  over  all  possibili- 
ties: 36%  are  correct,  32%  are  doubtful,  and  32%  wrong. 
Theory  would  call  for  33%  in  each  of  the  cases.  That  our 
distribution  should  come  so  close  to  the  requirements  of 
probability,  argues  most  forcibly  for  the  integrity  of  the  simi- 
larity scale  as  a  whole,  as  well  as  for  the  method  employed  in 
its  construction. 

As  the  similarity  still  increases  the  quality  of  the  judgments 
continues  to  change  in  a  definite  way — the  correct  ones  diminish, 
the  incorrect  ones  increase,  while  the  doubtful  ones  also  decline 
because  there  is  not  so  much  possibility  now  for  vacillation. 
Either  the  substitution  is  noticed  or  it  deceives  the  observer 
completely.  This  relation  occurs  with  increasing  emphasis  in 
the  75%  S  and  87%  S  units.  Finally,  when  we  come  to  the 
case  where  the  second  stimulus  is  identical  with  the  first — 
100%  S — ^we  have  a  return  to  the  conditions  that  obtained  when 
the  stimuli  were  totally  dissimilar. 

In  trying  to  answer  the  second  part  of  our  question:  Why 
do  the  recognitive  judgments  vary  so  widely  with  respect  to 
words  of  approximately  the  same  value?  we  are  brought  face 
to  face  with  the  burden  of  our  thesis.  But  we  have  to  analyse 
many  factors  that  enter  into  the  process  of  recognition  before 
we  can  answer  that  question.  Believing  with  Wundt  that  men- 
tal response  is  a  function  of  two  independent  variables — ^the  ex- 
ternal stimulus,  on  the  one  hand,  and  the  internal  resistance,  on 
the  other — we  are  going  to  examine  some  introspective  data 
with  reference  to  the  words  that  elicited  them. 

We  have  already  stated  that  the  recognitive  process  which 
we  are  examining,  especially  with  the  word  material,  is  slightly 
tinged  with  immediate  memory.  That  is  to  say,  in  some  cases 
the  observer  was  able  to  retain  during  the  interval  several  words 
from  the  first  exposure.  Yet  these  memorized  words  played 
but  a  small  role  in  the  process  of  recognition.  For  in  the  first 
place,  the  average  number  of  words  carried  in  memory  varied 
from  3  to  5,  so  that  there  was  an  equal  chance  that  the  observer 
did  not  carry  the  critical  word.     Secondly,  introspection  shows 
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that  though  the  words  carried  in  memory  are  identified  with 
more  certainty,  yet  any  one  of  these  memorized  words  can 
be  easily  replaced  in  consciousness  by  a  perceived  word  which 
closely  resembles  it,  i.e.  the  perception  is  frequently  stronger 
than  the  memory.  Finally,  the  fact  that  some  of  the  words 
were  retained  in  memory,  only  served  to  reinstate  the  recog- 
nitive  process  as  it  functions  in  daily  life.  For  it  is  not  only 
things  which  loom  up  suddenly  and  unexpectedly  that  awake 
the  process  of  recognition.  On  the  contrary,  in  the  majority 
of  cases  we  have  to  recognize  persons,  things  and  places  of 
which  we  already  have  a  more  or  less  clear  idea  as  to  how 
they  appear. 

Our  experiments  enable  us  to  analyse  three  mental  factors: 
(i)  The  recognition  of  totally  different  things.  (2)  The 
errors  that  arise  from  the  attempt  to  discriminate  similar  things. 
(3)  The  recognition  of  identical  objects.  The  data  for  the 
examination  of  this  last  factor  must  be  gathered  from  those 
cases  where  only  one  word  was  repeated  in  a  new  environment. 
Here  we  shall  obtain  a  contrast  between  the  feeling  otf 
familiarity  produced  by  the  repeated  word  and  the  feeling  of 
strangeness  aroused  by  the  new  setting, 

Suppose  we  start  with  the  first  factor  mentioned.  One  of 
the  primary  things  that  strikes  our  attention  when  a  totally 
dissimilar  word  or  object  is  substituted  for  another  within  the 
same  milieu,  is  that  in  a  large  number  of  cases  the  perception  of 
the  second  item  knocks  the  idea  or  memory  image  of  the  first 
out  of  mind.  But  although  the  standard  is  lost  from  con- 
sciousness, the  variable  is  none  the  less  recognized  as  new  with 
gfreat  positiveness  and  accuracy.  Thus  introspection  reads  :*• 
2 :  o%S         8  A  =  cullender,  8  B  =  society. 

Ha.  •+  ( ?)  :  "Society"  is  new,  80  per  cent  sure. 

I  knew  what  8  A  was,  but  the  impression  of  8  B 

knocked  the  other  one  out  of  my  mind. 

Bu.  +  ( — )  :    I  am  sure  8B  is  new.     I  do  not 
Fia  IV  remember  what  was  there  before. 

"The  rect^ngi'^a     '<nires  rep  •«'*"^   ^^  printed  cards,  the  numbers  withi* 
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The  formation  of  associations,  however,  may  be  helpful  in  the 
retention  of  the  original  impression. 
17 : 0%  S.   6  A  =  Elliott,  6  B  =  Manual. 

Ha.  +  (  +  )  -66  is  new,  100%  sure.  I  had  associations  with 
6  A;  it  became  strongly  impressed.  I  had  images  of  5,  6,  7,  8; 
these  and  the  others,  except  6  B,  look  familiar. 
Ke.  .-j-  ( — )  :  "Manual"  seems  strange,  80%  certain  that  it  is 
different.  I  don't  know  what  was  there  before.  Sometimes 
it  seems  to  me  as  if  I  had  an  image  of  the  other  word,  but  I 
cannot  say  what  it  was.  I  carried  i,  5,  7,  8  during  the  interval 
in  mental  imagery. 

Sometimes  the  physiological  processes  set  up  by  a  totally  dis- 
similar stimulus  are  so  different  from  those  experienced 
immediately  before,  that  the  substitution  will  be  recognized  in 
terms  of  the  new  psychophysical  states  it  arouses. 

39 :  0%  S.    4  A  =  endoderm,  46  =  typebar. 
Ha.  +  ( — )  :    4  B  is  new,   100%   sure  because  it  felt  new  in 
visual,  kinaesthetic  and  associative  terms.     It  is  a  word  that 
calls  up  associations  promptly.     I  don't  know  what  word  it 
displaces. 

Bu.  +  ( — )  :  4  B  is  new,  100%  sure.  The  others  are  familiar. 
The  pronouncing  of  4  B  in  inner  speech  produces  a  sort  of  shock 
due  to  its  unusual  rythm,  i.e.  it  does  not  have  the  same  number 
of  syllables  as  the  other  words.  If  it  had  been  present  in  the 
first  exposure,  this  rhythmical  peculiarity  would  have  attracted 
my  attention. 

Ke.  +  ( — )  •  4  B  is  new,  100%  certain.  I  knew  what  was 
in  its  place  before,  having  carried  i,  4,  7,  8  in  memory,  but  I 
cannot  recall  it  now.  The  sound  of  4  B  requires  more  tension 
in  the  vocal  muscles  than  the  others,  therefore  it  stands  out 
from  them  as  strange. 

Frequently  the  totally  dissimilar  word  manifests  itself  by  the 
disturbance  it  introduces  into  the  psychic  processes  aroused.^— 
Thus: 

45 :  0%  S,  6  A  =  roadside,  6  B  =  germinal,  one  observer  de- 

spection  are  used  for  abbreT-'ition.  Sign  in  ()  indicates  whether  displaced 
word  was  r^^'^ei^^Tcd 
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Clares,  Ke.  +  ( — )  :  6  B  is  new,  icx)%  sure.  I  do  not 
remember  what  was  there  before.  I  had  images  of  i,  3,  5,  7 
and  8.  6  B  does  not  seem  to  fit  in  with  anything  in  my  con- 
sciousness as  the  other  words  do.  On  seeing  the  first,  vague 
associations  were  formed,  but  now  this  word — 6B  seems  to 
break  those  associations  up.  Moreover,  it  has  a  verbal  and 
meaningful  strangeness  of  its  own. 

According  to  this  same  observer,  the  newness  of  a  totally 
dissimilar  word  consists  in  that  it  does  not  seem  to  take  up 
any  of  the  mental  processes  started  by  the  first  list  as  the  other 
words  in  the  second  list  do.  Instead  of  that  it  sets  up  a  new 
mental  process  peculiar  to  itself. 

The  exposure  time — 4  seconds — ^was  just  long  enough  to  en- 
able the  subjects  to  go  over  the  list  of  8  words  once  or  one 
and  a  half  times.  It  happened  only  on  two  or  three  occasions 
out  of  150  exposures  that  a  subject  failed  to  read  all  the  words 
before  the  shutter  went  down.  The  shortness  of  the  exposure 
prevented  the  memorization  of  the  words,  but  it  did  not  prevent 
their  apperception.  It  is  true  that  in  some  instances  the  words 
did  not  have  rich  meaning,  i.e.  the  real  concepts  they  stood  for 
did  not  always  rise  to  the  center  of  consciousness;  but  the 
observer  always  got  enough  meaning  from  the  words  to  know 
that  they  were  intelligible.  They  aroused  a  definite  state  of 
consciousness  and  produced  a  fixed  attitude.  The  short  ex- 
posure simply  prevented  them  from  being  completely  developed 
in  mental  imagery  and  from  being  interlocked  by  associations. 

Methods  of  Recognition 

There  are  three  possible  ways  of  recognizing  an  object  under 
the  conditions  of  our  experiment,  (i)  Imagery  of  the  objects 
seen  is  carried  throughout  the  interval  between  the  first  and 
second  exposure.  These  memory  images  are  carried  either  in 
visual,  verbal  or  auditory  terms.  In  the  mixed  mental  types 
the  terms  will  vary  with  the  nature  of  the  material.  (2)  The 
memory  images  may  vanish  during  the  interval  and  be  revived 
by  the  re-perception  '^f  ^^  original  object  or  merely  by  the  per- 
r*>-)ti'^p  ^ "-  ^^^  00s*  M  ^^"allv  rK:r'ioiec^  ^^"^  *^^e  missine  obiecL 
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In  this  case  the  revival  of  imagery  helps  to  strengthen  recogni- 
tion or  makes  the  recognition  of  a  new  item  more  certain.  (3) 
The  recognitive  consciousness  may  be  a  matter  of  feeling,  or  of 
kinaesthetic  attitude  or  of  adjustment,  or  of  the  revival  of  a 
mood.  The  perception,  or,  in  this  case,  the  meaning  of  the  word 
fits  right  in  with  the  existing  attitude.  It  is  not  necessary  to 
pause  to  get  the  meaning  of  the  recognized  word,  but,  as  one 
of  the  observers  remarked,  **it  fits  right  into  consciousness  as  a 
plug  fits  into  its  socket.'' 

The  ability  to  recognize  an  object  in  a  totially  dissimilar 
setting  from  the  one  in  which  it  was  originally  seen,  proves 
conclusively  that  recogniton  is  independent  of  conscious  asso- 
ciation. Nevertheless,  the  fact  that  a  totally  dissimilar  stimulus 
can  obliterate  its  predecessor,  as  we  have  already  shown, 
whereas  a  somewhat  similar  stimulus  can  revive  its  predecessor, 
as  we  shall  presently  show,  indicates  that  some  kind  of  associa- 
tion— ^perhaps  a  subconscious  association  may  occur  in  some 
cases  of  recognition. 

The  fundamental  factor  of  the  process  of  recognition  is  the 
feeling  of  familiarity.  But  how  is  that  feeling  related  to  its 
opposite — the  feeling  of  strangeness?  Do  these  two  feelings 
neutralize  each  other  by  fusion  or  do  they  intensify  each  other 
by  contrast?  I  had  ready  means  at  hand  for  finding  that  out. 
Hitherto  I  had  made  substitutions  in  the  same  surroundings 
in  which  the  standards  had  been  seen,  and  obtained  certain 
values  with  each  degree  of  similarity.  Now  what  would  happen 
if  the  same  substitutions  were  made  in  a  totally  different  en- 
vironment, i.e.  instead  of  exposing  the  variable  word  in  the 
same  field  in  which  the  standard  had  appeared,  what  if  it  were 
exposed  in  a  different  one?  Would  the  observer  be  able  to 
recognize  the  imitation  or  the  identity,  as  the  case  may  be,  in 
this  second  instance  as  easily  as  in  the  first?  If  not,  then  it 
would  mean  that  the  feeling  of  strangeness  aroused  by  the 
new  setting  tends  to  inhibit  the  feeling  of  familiarity,  or  better 
still,  tends  to  swamp  it  by  suffusing  itself  over  the  whole  of 
consciousness.  If,  on  the  other  hand,  recognition  would  im- 
prove in  this  second  case,  then  it  would  show  that  the  feelings 
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of  strangeness  and  familiarity  enhance  each  other  by  contrast, 
as  complementary  colors  do. 

Experiments  with  both  kinds  of  material — words  and  picture 
post  cards,  substantiated  the  former  proposition,  namely,  that 
the  feelings  tend  to  fuse,  that  one  of  them  gaining  the  upper 
hand  in  consciousness  which  is  fed  by  the  larger  number  of 
stimuli.  If  we  glance  at  Table  8  we  shall  see  how  the  figures 
bear  out  this  statement.  When  all  8  words  were  repeated  the 
second  time  the  subjects  recognized  them  as  identical  in  83% 
of  the  cases.  In  other  words,  there  were  17%  of  errors.  But 
when  one  identical  word  was  repeated  among  7  new  ones  the 
errors  rose  to  27%.  Even  if  we  apply  our  correction  formula, 
in  order  to  subtract  the  number  of  judgments  "change'*  which 
were  made  as  a  result  of  the  precipitant  tendency  to  say  x:hange, 
the  error  still  remains  25%.  We  are  justified  in  saying,  there- 
fore, that  if,  under  the  conditions  of  our  experiment,  a  stimtdus 
A,  originally  given  in  a  setting  BCD,  is  subsequently  repeated 
in  a  totally  different  setting  EFG,  the  odds  that  it  will  not  be 
recognized  are  1:3,  or  the  chance  of  its  recognition  is  75/100; 
whereas  if  it  is  repeated  in  the  same  setting  the  chance  of  its 
recognition  is  98/100.^^ 

Let  us  now  see  how  introspection  supports  our  data. 
19:  looks'*       2  =  dandyish 

Ha:  —  :  All  changed;  100%  sure  that  all  but 
"dandyish"  are  changed,  and  90%  certain  that  it 
also  is  new.  When  the  shutter  went  up  the 
second  time  I  found  none  of  the  words  that  I  had 
carried  over  from  the  first  exposure.     And  as  I 

Fig.  V  i^gpt  looking  at  the  words  I  saw  that  they  were 

all  strange.  I  had  a  feeling  that  this  second  list  was  a  new 
assortment.  The  words  suggested  new  ideas.  And  this  feeUng 
of  strangeness  increased  in  momentum  as  I  went  on  reading 
the  words. 

Bu :  dz  :  2  seems  familiar.  I  had  no  imae^  ^^  it,  but  it 
struck  me  af  familiar. 

"The  tb'*'^'^r  jf  '"«-    '3«'    *'*''"  dis''"''**ed  on  j«ujt  j\^ 
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Ma :  —  :  All  seem  strange.  I  got  a  general  impression  of 
strangeness. 

3o:ioo%S        4  =  heritage. 
in  N.E.  Ha:  -j-  •'  Heritage  is  the  same,  100%  sure.     The 

others  are  new.  As  soon  as  I  saw  that  more 
than  one  were  strange,  I  began  to  look  for  a 
familiar  word.  And  I  got  a  decided  feeling  of 
familiarity  when  I  came  to  4,  but  when  I  began 
to  think  about  it  the  feeling  diminished. 
This  last  statement  is  important  in  its  bearing  on  the  process 
of  recognition.  It  is  common  knowledge  that  the  recognitive 
process  takes  time  to  develop.  I  found  that  in  my  experiments, 
as  we  shall  have  occasion  to  see.  Moore  also  found  it  in  his 
investigation  on  abstraction.^^  But  now  when  we  get  the  com- 
plement of  this  and  note  that  the  process  of  recognition  also 
atrophies  with  time,  we  have  double  proof  that  recognition  is 
an  affective  process,  since  feelings  alone  take  time  to  develop. 
There  were  several  occasions  on  which  my  observers  declared 
that  a  word  looked  more  familiar  the  instant  they  saw  it  than 
it  did  a  few  seconds  later. 

It  should  not  be  supposed  that  the  task  of  discovering  an  old 
item  in  a  new  environment  is  more  difficult  than  that  of  dis- 
covering a  new  object  in  the  old  setting,  because  it  takes  more 
time  to  apperceive  new  objects  than  those  already  experienced. 
That  is  not  so.  On  the  contrary,  when  the  surrounding  words 
in  the  second  exposure  are  new,  the  subjects  nm  over  them 
much  faster  than  over  the  same  list  repeated.  The  reason  is 
that  it  takes  less  time  to  see  that  a  thing  isn't  than  that  it  is. 
We  shotdd  be  in  a  sad  plight  if  it  took  us  as  much  time  to 
discriminate  as  it  does  to  recognize.  I  go  into  a  store  to  pur- 
chase a  tie;  with  one  sweep  of  the  eyes  I  eliminate  the  colors 
and  patterns  that  I  do  not  want.  Of  course,  I  don't  know  their 
texture  nor  any  of  their  virtues.  But  that  does  not  matter.  I 
know  all  I  care  to  know  about  them — they  are  not  what  I  want. 
This  life  fact  is  substantiated  in  our  experiments.  Referring 
to  group  30  subject  Ke.  says: 

*The  Process  of  Alh«s*«-»'*tion,  T.  V.  Moore,  Univ.  of  Cal'f.  Pubs.,  in  Ps'" 
Vol    T,  Vo.  -»  o.  If^' 
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"Heritage  is  the  same;  ioo%  certain.  I  had  a  lot  of  images 
during  the  interval.  It  was  easy  to  solve  this  problem.  On 
seeing  the  second  card  I  discovered  one  word  (4)  of  which 
I  had  an  image  during  the  interval.  I  looked  for  others,  but 
finding  none,  I  kept  rushing  over  the  list.  /  did  not  stop  to  get 
the  meaning  of  the  words.  I  could  see  at  a  glance  that  they 
were  not  familiar  ones.  So  I  hastily  dismissed  them.  But 
when  some  or  all  the  words  are  repeated,  I  have  to  read  them 
carefully  in  order  to  see  whether  they  are  all  the  same  or  not. 
It  is  easier  to  distinguish  what  you  do  not  want  than  to  pick 
out  what  you  do  want."  ^^ 

Eliminating,  therefore,  the  only  objection  that  could  possibly 
be  raised,  we  must  conclude  that  the  reason  why  it  is  so  diffi- 
cult to  recognize  an  identical  item  in  a  new  environment,  is  that 
the  feeling  of  strangeness  produced  by  the  new  setting,  suffuses 
itself  over  the  whole  of  consciousness  and  blots  out  the  opposite 
feeling — that  of  familiarity,  according  to  the  principle  of  what 
in  chemistry  is  called  "mass  reaction."  The  following  case 
proves  this. 

7  =  strategy. 

Bu:  — :  All  different,  90%  certain.  I  had  images 
of  3,  5,  6,  7,  8.  When  the  shutter  went  up  the 
second  time  I  b^an  to  read  column  2  downward 
rapidly  and  saw  that  each  of  the  words  was  new. 
The  feeling  of  strangeness  kept  growing  on  me 
Fig.  VII  and  developing  the  judgment,  "All  different"    I 

was  on  the  look-out  for  a  repeated  word  in  column  I,  but 
found  none.  (At  this  point  I  told  the  subject  that  "strategy" 
was  the  same,  and  I  asked  him  why  he  failed  to  identify  it 
He  replied),  The  reason  why  I  did  not  recognize  "strategy" 
is  because  I  read  too  rapidly,  I  think.  Probably,  too,  by  the 
time  I  had  read  the  first  two  words  the  feeling  of  strangeness 
had  spread  itself  over  "strategy"  giving  it  also  the  coloring  of 
newness. 

'^Meumar"     "  the  articl<»   »lreadv     ^f^rred  ^n.  finds  prac*"«cally  the  same 
thing. 
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Errors  of  Recognition 

Error  of  recognition  or  inability  to  recognize,  may  be  due 
to  any  one  or  to  a  combination  of  the  following  factors:  (i) 
Lack  of  memory.  (2)  Incomplete  perception  of  the  standard 
stimulus  when  first  presented.  (3)  Incomplete  perception  of 
the  variable  stimulus,  mistaking  it  for  N,  the  normal.  This, 
I  postulate,  is  due  to  the  superiority  of  the  ideo-motor  force 
over  the  sensory-motor  force.  (4)  Obliteration  from  memory 
of  the  original  N  impression  by  the  perception  of  the  V 
stimulus — due  to  the  superiority  of  the  sensory-motor  force 
over  the  ideo-motor  force.  (5)  The  collision  of  the  I.  M.  and 
S.  M.  forces  with  equal  momenta  resulting  in  a  doubtful  judg- 
ment. (6)  The  induction  by  the  represented  stimulus  of  a 
new  association  or  a  new  mood  by  virtue  of  which  said  stimulus 
appears  novel  or  strange.  (7)  The  inability  of  the  original 
stimulus  to  revive  an  association  or  an  attitude  induced  by  it 
when  first  presented. 

Let  us  consider  these  factors  in  their  order. 

(i)  Inability  to  recognize  owing  to  lack  of  memory  mani- 
fested itself  in  those  cases  where  the  whole  of  the  second 
exposure  was  identical  with  the  first.  The  subject  would  doubt 
a  word  among  the  8  identical  ones  because  he  could  not  recall 
having  seen  it  before.  Thus,  for  groups  48  subject  Ke.  says, 
"I  could  not  remember  "oration"  on  seeing  it  the  second  time, 
therefore,  I  think  it  is  new;  75%  certain.  I  carried  5,  7  and  8, 
and  I  recognized  these  and  the  others,  but  not  "oration".  It 
does  not  look  strange,  but  I  simply  cannot  recall  it." 

What  subject  Ke.  means,  of  course,  is  that  the  perception 
of  the  word  "oration"  did  not  revive  the  memory  idea  of  having 
been  seen  before.  This  does  not  say,  however,  that  recognition 
depends  on  memory  altogether.  It  simply  means  that  where 
the  repeated  stimulus  fails  to  revive  its  particular  mood,  or 
where  it  fails  to  make  a  sufficiently  deep  impression  on  con- 
sciousness on  its  first  presentation,  it  has  to  awake  a  pure 
memory  idea  if  it  is  to  be  recognized  at  all.  This  memory  idea 
is  frequently  colorless.     The  subject  would  often  say  that  he 
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remembered  the  item  in  the  same  wzjr  that  one  remembers  a  fact 
or  a  date. 

(2)  Where  it  was  a  ease  of  incooqiletdT  pefceiTiiig  die 
object  when  first  presented,  the  obsenrer  woold  eitfaer  fiD  in  the 
missing  details  or  else  he  woold  suspend  judgment  on  the  second 
presentation  of  that  item,  and  declare  diat  he  recognizes  oeij 
so  much  of  it  as  he  had  originally  seen,  bat  cannot  saj  anjrtfaing 
about  the  rest  of  it  These  cases  were  more  frequent  with  the 
picture  post  cards  than  with  the  words.  The  following  case 
is  characteristic. 

Group  33:  Subject  Ke: — :  No  change.  But  I  am  puzzled. 
I  did  not  have  time  to  read  the  6th  word,  ^occupant".  All  I 
saw  was  that  it  began  with  "o"  and  ended  with  "nt;"  so  I 
thought  during  the  interval  that  the  word  was  "Occident".  But 
now  I  9ee  that  it  is  "occupant''  I  do  not  know  what  to  saj. 
I  am  sure  the  others  are  the  same,  and  I  think  "occupant"  was 
there  before  also. 

(^3)  It  will  be  remembered  that  the  second  exposure  was  the 
same  length  as  the  first — 4,  seconds.  The  reason  for  this  is  that 
even  in  the  very  act  of  recognition  it  was  desired  to  dujdicate 
the  very  conditions  of  life.  Not  only  do  w^e  generally  perceive 
things  hurriedly,  but  in  the  rush  and  tear  of  life  we  have  to 
pass  judgment  upon  them  more  or  less  rapidly  and  under  trying 
circumstances.  Afterwards  we  may  think  about  our  reaction 
to  the  critical  situation — be  that  reaction  in  the  form  of  a  dis- 
cussion or  an  opinion  or  a  purchase — as  much  as  we  please; 
but  in  actual  life  it  is  never  g^ven  us  to  live  through  the  same 
critical  moment  twice.  Likewise  in  our  experiment  The  inr 
dividual  had  to  get  the  decisive  impression  from  the  object  or 
its  substitute  in  a  limited  time.  He  could,  after  the  shutter  went 
down,  take  all  the  time  he  desired  to  render  his  judgment  But 
*hat  judgment  would  have  to  be  based  on  an  impression  that 
vas  limited  in  duration,  that  occurred  when  attention  was  dis- 
tributed, when  there  was  a  conflict  between  several  motives,  and 
-'her  consciousness  w^f  flr^^^d  by  a  multitude  of  ideas. 

^'j      i^iortness  of  th^    —i-ibur**    ^^^^y   •v^rmitted  the  '^^^^y  of 
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complete  perception  of  the  substituted  item.  It  should  be  under- 
stood, however,  that  this  is  not  the  entire  cause.  On  the  con- 
trary, it  is  only  a  contributive  cause,  the  main  one  being  the 
"push"  that  is  given  to  the  perceptual  process  by  the  ideo-motor 
force  which  had  been  induced  by  the  standard  stimulus.  Hence, 
it  follows  that  this  kind  of  error  can  occur  only  where  there 
is  considerable  objective  similarity  between  the  N  and  V  stimuli. 
There  was  not  a  single  instance  of  its  occurrence  with  stimuli 
below  50%  similarity. 

How  are  the  errors  restdting  from  the  incomplete  perception 
of  the  variable  stimulus  caused?  I  show  a  person  a  list  of  8 
words,  among  which  is  a  given  word  whose  structure  is  ABCD. 
After  a  short  interval  I  re-expose  the  same  list  with  the  given 
word  replaced  by  another  of  slightly  different  structure — say 
ABCX.  And  the  observer  reads  the  second  list,  and  says,  "Yes, 
I  find  all  the  words  there,  including  ABCD."  Now  this  is  not 
a  case  of  merely  false  perception.  It  is  not  simply  a  matter  of 
mistaking  an  X  for  a  D.  But  it  seems  that  the  brain  process  set 
up  by  the  first  word,  absorbs  the  second  word  owing  to  the 
common  elements  ABC.  The  extent  to  which  this  will  happen 
is  directly  proportionate  to  the  ratio  of  the  common  elements, 
ABC,  to  the  variable  elements,  D  and  X.  Before  a  man  can  see 
a  bear  in  a  bush  he  must  have  a  strong  idea  of  the  bear,  on  the 
one  hand;  and  the  bush  must  have  some  resemblance  to  the 
bear,  on  the  other.  So  with  my  subjects.  They  had  a  clear 
and  distinct  idea  of  what  the  original  word  was,  and  now  they 
sense  an  item  that  begins  to  follow  the  same  cerebral  path 
pursued  by  the  original  stimulus.  Before  they  are  aware  of  it, 
however,  this  second  impression  is  drawn  off  completely  into  the 
brain  path  developed  by  the  standard  stimulus.  The  occurrence 
of  this  event,  therefore,  depends  on  two  factors;  first,  the  ratio 
of  the  common  elements,  ABC,  to  the  variable  elements,  D  and 
X ;  and  secondly,  it  depends  on  the  strength  of  the  original  idea 
or  the  ideo-motor  force.  That  this  error  is  not  due  to  the  short- 
ness of  the  exposure,  but  is  rather  a  function  of  the  %  S  and 
I.  M.  F.,  is  manifes^^ed  by  the  fact  that  it  occurred  only  among 
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those  stimuli  that  were  over  50  per  cent  similar,  with  a  frequency 
directly  proportionate  to  increasing  similarity. 
Let  us  cite  a  few  cases. 
22:87%S         3  A  =  sanctify. 

3  B  =  sanctity. 

Ha. — :  No  change,  100%  certain.  Visual  and 
auditory  images  of  2,  5  and  3  A,  but  others  fitted 
in  so  smoothly  that  I  feel  sure  of  them.  I  formed 
Fig.  VIII  an  association  between  2  (yeomanry)  and  3  A. 
Such  an  association  tends  to  make  the  constituents  persist  longer 
in  memory  during  the  interval.  I  found  2,  5  and  3  A  on  the 
second  exposure. 

Ma.  — :  All  seem  the  same ;  100%  sure.  The  impression  of 
familiarity  that  I  received  from  those  that  I  am  positive  of, 
seems  to  spread  itself  over  the  rest  of  the  words. ^*  The  ones 
I  am  sure  of  are  3  A,  (sanctify),  4,  5,  6,  7.  I  think  I  looked 
at  the  whole  of  3  A  on  the  second  exposure.  (When  told  that 
it  was  3  B  (sanctity)  and  not  3  A,  he  said),  Well,  when 
I  saw  the  second  exposure  I  read  the  word  as  "sanctify"  and 
it  sounded  familiar;  so  I  took  it  for  granted  that  it  was  a 
repetition  of  the  word  I  had  seen  there  before. 
20: 75%S  5  A  =  rebuttal. 

5  B  =  rebutter. 

Bu.  —  :  No  change ;  80%  sure.    I  had  images  of 
4,  5  A,  6,  7,  8,  and  I  found  all  these  on  the  secoad 
exposure.    When  the  shutter  went  up  the  second 
Fig.  IX  time  I  looked  at  column  2  and  found  that  all  the 

words  there  were  the  same.  That  gave  me  a  feeling  of  satis- 
faction. Then  I  went  to  column  i,  and  though  I  got  a  neutral 
feeling  from  the  words  within  it,  I  nevertheless  judged  them 
to  be  the  same.  I  went  over  the  list  once  on  the  second  exposure 
and  saw  each  word  distinctly. 

Thus  we  see  how  the  subject  carrying  in  his  mind  the  idea 
"sanctify"  or  "rebuttal"  finds  these  ideas  in  the  structuralljr 
similar  words  "sanctity"  and  "rebutter." 

"It  is  interesting  to  note  in  connection  with  this  that  Katzaroff  (La  Reeo^ 
nition,  p.  57),  also  found  that  "the  feeling  of  certainty  is  more  or  less 
contagious." 
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Of  course,  such  phenomenon  is  a  common  occurrence,  especially 
among  authors  who  try  to  correct  their  own  manuscript.  Despite 
repeated  readings,  they  continue  to  omit  words  or  to  overlook 
misspeUing  simply  because  they  are  so  imbued  with  the  subject- 
matter  that  they  supply  the  missing  items  mentally,  thus  failing 
to  supply  them  materially.  And  the  more  knowledge  they  have 
of  their  subject,  the  more  errors  in  writing  will  they  overlook. 
Likewise  with  my  observers.  If  they  had  a  clear  memory  of 
the  standard  word  they  did  not  pause  to  get  a  distinct  perception 
of  the  variable.  On  the  contrary,  in  such  a  case  the  bare  per- 
ception of  the  initial  syllable  or  two  would  so  reinforce  the 
memory  idea  of  the  original  word  as  to  make  them  think  that 
this  clearness  had  an  external  source,  i.e.  that  the  standard  word 
was  there  before  them.  For  reasons  that  I  shall  presently  make 
clear,  I  call  these  kinds  of  errors  errors  of  "is",  meaning  thereby 
that  the  variable  is  the  normal;  and  I  postulate  that  indirectly 
they  are  due  to  the  degree  of  similarity  between  N  and  V  and 
directly  to  the  superiority  of  the  ideo-motor  force  over  the 
sensory-motor  force. 

(4)  But  this  is  not  the  greatest  source  of  false  recognition. 
On  the  contrary,  errors  of  this  kind  are  relatively  small  as  com- 
pared with  the  errors  that  result  from  the  superiority  of  the 
sensory-motor  force  over  the  ideo-motor  force.  An  impression 
ABCD  is  given  to  a  person  and  shortly  afterwards  another  one 
ABCX,  but  instead  of  declaring  that  he  still  perceives  ABCD, 
as  in  the  previous  case,  he  now  asserts  that  ABCX  is  what  he 
had  experienced  the  first  time  also.  These  kinds  of  errors  we 
shall  call  errors  of  ''was'\  How  is  this  phenomenon  to  be  ex- 
plained? It  is  not  merely  the  obliteration  from  memory  of  the 
first  impression  by  the  second.  For  while  such  obliteration  can 
and  does  take  place,  it  does  not  follow  that  the  second  perception 
will  be  taken  for  the  first,  or  that  perception  B  will  be  taken 
for  perception  A  simply  because  it  has  expelled  the  latter  from 
memory.     Let  us  cite  a  few  instances. 

Obliteration  is  a  very  common  occurrence  when  the  N  and 
V  stimuli  are  0%  S.  The  V  comes  along  in  the  form  of  a  per- 
ception and  drives  the  memory  image,  or  the  pure  idea  of  N  so 
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completely  out  of  mind  that  the  observer  has  not  the  faintest 
recollection  of  what  was  there  before,  yet  never  will  this  variable 
be  mistaken  for  the  normal.  It  produces  a  mental  process  all 
its  own,  and  thereby  suffuses  itself  over  consciousness  so  thor- 
oughly that  the  other  contents  vanish  sometimes  temporarily, 
sometimes  permanently.  (See  introspection  for  group  45,  page 
43.)  But  it  is  always  recognized  as  new  by  virtue  of  its  unique- 
ness. Not  infrequently  the  subject  would  say  that  the  0%  V 
struck  him  like  a  flash  of  light  thrown  into  the  ey«s,  and  just  as 
such  a  flash  wipes  everything  out  of  sight,  so  does  this  V  wipe 
out  all  knowledge  of  what  was  in  its  place.  But  it  forces  its 
newness  on  consciousness  with  an  irresistible  force. 

Where  similarity  was  almost  zero,  say  25%  S,  obliteration 
would  also  occur  without  diminution  of  recognition.  That  is, 
the  difference  between  the  V  and  N  was  still  large  enough  for 
the  former  to  produce  a  conscious  shock  of  its  own  and  at  the 
same  time  to  destroy  the  reverberations  of  the  latter.  The 
following  instance  is  characteristic : 

Group  37 :  37%  S :  7  A  =  politics,  7  B  =  polander. 

Ke.  +  ( — )  7  B  is  new;  100%  sure.  I  cannot  say  what  was 
there  before.  7  B  stands  out  both  in  meaning  and  imagery  from 
all  the  other  words.  All  the  rest  are  familiar.  I  read  the  second 
list  in  the  same  order  as  the  first.  When  I  came  to  7  B  there 
was  a  sort  of  break  or  check ;  I  had  to  stop  to  get  both  its  mean- 
ing and  sound.  It  is  a  feeling  like  that  which  one  experiences 
when  one  is  running  down  a  hill  at  full  speed  and  suddenly 
comes  up  against  a  fence.  He  is  upset,  but  he  knows  what 
upset  him. 

The  errors  we  are  now  considering  are,  therefore,  not  due  to 
the  obliteration  alone,  i.e.  they  are  not  the  result  of  the  relation 
between  the  S.  M  and  I.  M.  forces  alone,  but  they  also  depend 
upon  the  degree  of  similarity  between  the  N  and  V  stimuli. 
This  is  demo*ist*'ated  by  the  ^act  that  they  rise  in  frequency  with 
every  inc^^^w    1    ;imiiqr-*t»       rs#*  foUow^^o-  foKle  hears  ^his  out 
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I  trust  no  one  will  accuse  me  here  of  trying  to  maintain  that 
we  read  words  letter  by  letter.  That  this  is  not  so  has  been 
sufficiently  demonstrated  by  Cattell  ^^  and  others.  But  we  do 
perceive  words  after  they  have  set  up  certain  cerebral  pro- 
cesses. The  exact  nature  of  these  processes  is  not  our  immediate 
concern ;  neither  does  it  matter  whether  they  are  to  be  measured 
lengthwise  or  breadthwise.  That  is,  we  may  conceive  the  V 
impression  running  along  the  single  brain  track  produced  by  N 
in  the  following  manner : 

V  N  N  ABCD 

FDCBA       EDCBA        or  thus:  E 

■►  i 

V  ABCD 
F 

In  either  case  this  kind  of  false  recognition  involves  three 
factors:  (i)  The  V  impression  must  run  along  part  of  the 
path  of  the  N  impression;  (2)  it  must  set  up  a  brain  process  of 
its  own  in  order  to  be  perceived;  and  (3)  it  must  destroy  the 
cerebral  reverberations  of  N  in  order  to  drive  it  out  of  memory. 
The  first  of  these  three  factors  depends  on  per  cent  S ;  the  last 
depends  on  the  relative  strengths  of  the  sensory-  and  ideo-motor 
forces.    Table  11  shows  that  this  ratio  is  about  7:1. 

How  do  we  know  that  all  these  three  factors  contribute  to  false 
recognition  ?  May  it  not  be,  for  instance,  that  the  impression  of 
V  does  not  actively  obliterate  the  memory  of  N?  May  it  not 
be  that  the  observer  has  forgotten  during  the  interval  what  N 
was,  so  that  he  has  not  the  faintest  idea  of  it  even  before  the 
shutter  goes  up  for  the  trial  exposure?  Moreover,  according  to 
the  law  of  association  by  similarity,  the  more  similar  V  is  to  N, 
the  more  likelihood  should  there  be  that  the  perception  of  V 
will  revive  the  idea  of  N  instead  of  blotting  it  out. 

We  have  already  shown,  however,  that  obliteration  actually 
does  occur  when  the  similarity  between  V  and  N  is  0%.^^  It 
is  now  incumbent  upon  us  to  prove  that  it  also  takes  place  when 

*Thc  Time  it  Takes  *^  ^-e  ^nd  Name  Things,  Mind,  Vol.  X  (^fi»^). 
"5—  pp   S3-4. 
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the  similarity  is  high.    This  proof  is  furnished  by  the  following" 
facts : 

(S)  With  every  degree  of  similarity  there  were  cases  when 
the  observer  was  confronted  by  both  the  memory  of  N  and  the 
sense  impression  of  V.  Thereupon  a  doubt  arose  in  his  mind 
as  to  whether  the  substituted  word  was  the  one  he  had  seen  on 
the  first  exposure  or  whether  the  memory  idea  carried  over  from 
the  first  exposure  was  a  delusion.  And  in  proportion  as  the  simi- 
larity increased  the  observers  dismissed  their  memory  ideas,  which 
were  correct  in  all  instances,  and  decided  in  favor  of  the  im- 
mediate sense  impression. 

The  following  table  shows  the  number  of  times  conflicts  be- 
tween the  memory  ideas  and  sensory  impressions  occurred  with 
each  degree  of  similarity,  and  how  the  decisions  were  distributed. 
It  should  be  understood  that  by  conflict  I  mean  the  actual  balanc- 
ing of  memory  against  perception.  Naturally,  these  figures 
represent  only  those  cases  in  which  the  V  did  not  produce  a 
clear  shock  of  strangeness,  and  so  needed  the  memory  of  N 
in  order  to  be  discriminated. 

Table  n 

Final  Decisions  Resulting  from  Confldts  between  Memory  ami  Perceptioiiy 

i.e.  between  I.M.F.  and  S.MJ**. 

%  S  =  o              25              37  50              62              75              87 

+  =  I                 I                I  2 

±  =  II  2                                 I 

—  =  31a 

We  see  how,  with  increasing  similarity,  it  was  the  impression 
that  won  out  and  the  memory  that  lost.  Does  not  this  indicate 
the  superiority  of  the  S.M.  F.  over  the  I.  M.  F.  ? 

A  few  samples  of  introspection  will  show  how  the  battle 
between  these  two  forces  was  waged. 

Group  17 :  0%  S.    N  =  Elliott,  V  =  manual. 

Subject  Ke.  +  ( — )  :  Manual  seems  strange,  80%  sure  that 
it  is  different.  It  seems  as  if  I  had  an  image  of  what  was  there 
before,  but  I  cannot  pronounce  the  word.  I  feel  as  if  it  were 
on  the  tip  of  my  tongue. 

Group  22   '^y%  S     3  ^   ""  sanctify,  3  P—  sanctity. 

'^nbject    ^»  -•    *i^     .iirr    '»v»«»tf.A         ,;  r   ?  /    ot      1^  tWe 
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second  time.  It  seems  as  if  on  the  first  exposure  I  had  seen  3  A 
and  now  I  see  3  B,  but  I  do  not  know  whether  I  saw  it  clearly 
or  not  this  second  time.  It  may  be  my  memory  is  incorrect. 
The  only  doubt  is  about  one  letter.  The  first  part  of  the  word 
"sanct-"  is  perfectly  familiar.  As  soon  as  the  shutter  went  up 
the  second  time  I  read  the  whole  list  rapidly,  and  found  them 
all  familiar.  Then  I  went  back  to  3  and  hesitated.  Even  now, 
as  I  talk  to  you,  there  is  a  conflict  in  my  mind  between  3  A  and 
3  B,  and  I  don't  know  what  to  say. 

Group  20 :  75%  S.   5  A  =  rebuttal,  5  B  =  rebutter. 

Subject  Ha. — :  I  thought  you  had  "rebuttal"  there  before, 
but  now  I  see  "rebutter".  It  may  be  that  I  did  not  see  the 
last  part  of  "rebutt-"  in  the  first  exposure  and  that  during 
the  interval  I  simply  switched  over  to  the  more  familiar  word 
of  the  two,  for  5  A  is  more  commonly  used  than  S  B.  I  will 
therefore  say  no  change,  80%  sure. 

Group  46 :  87%  S.   S  A  =  passible,  5  B  =  passibly. 

Ke.  —  :  I  don't  think  there  is  any  change,  90%  certain.  I 
carried  6  and  5,  i.e.  I  carried  number  5  in  memory  as  "passible". 
But  when  I  saw  "passibly"  on  the  second  exposure,  I  took  it 
for  granted  that  that  was  the  word  I  had  seen  the  first  time, 
and  that  I  had  attached  a  wrong  end  to  it  either  while  reading 
or  thinking  about  it,  i.e.  I  had  put  "ble"  where  "bly"  was.  That 
is  the  only  way  I  can  explain  it.    FU  say  no  change. 

Group  28 :  62%  S.    7  A  =  manifold,  7  B  =  manifest. 

Ha.  +  ( ?) :  7  B  gives  me  a  feeling  of  strangeness;  100%  cer- 
tain that  it  is  new.  I  must  confess  though  that  the  moment  I 
began  to  think  about  7  B  the  idea  occurred  to  me  that  I  had  seen 
it  in  that  position  before,  so  I  was  going  to  say  no  change.  But 
the  first  psychological  impression  I  got  from  it  was  one  of  de- 
cided strangeness.  This  feeling  of  strangeness,  however,  began  to 
diminish  as  I  continued  to  think  about  the  word.  The  more  I 
think  of  it  even  now,  the  more  does  it  seem  familiar.  I  had 
visual  and  auditory  images  of  i,  2,  4,  and  "manifold".  I  do 
not  know  where  I  got  the  word  "manifold",  neither  do  I  know 
why  it  kept  running  through  my  mind  during  the  interval.  It 
now  occurs  to  me  ^^^t  the  persistency  of  ""^^n'^'^ld"  during  the 
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interval  accounts  for  the  fringe  of  familiarity  that  attaches  to 
"manifest".  I  say  this  because  somehow  the  two  words  are  en- 
tangled in  my  mind.  As  I  compare  them  I  see,  of  course,  that 
they  overlap  in  some  letters.    The  confusion  may  be  due  to  that 

Bu. ' —  :  I  carried  "manifold"  instead  of  "manifest"  during  the 
interval,  yet  "manifest"  seems  familiar.  I  do  not  know  how  to 
account  for  this  phenomenon.  I  think  the  confusion  is  due  to 
my  own  carelessness;  I  probably  did  not  pay  enough  attention 
to  word  7  when  it  first  appeared.  Or  perhaps  I  just  read  the 
first  part  of  it — "mani" — and  tacked  on  the  last  part — "fold". 
It  is  also  probable  that  I  simply  read  "manifold"  instead  of 
"manifest".  Whatever  the  cause  may  be,  I  am  certain  that  I 
carried  "manifold"  in  my  mind  dining  the  interval.  But  since 
"manifest"  looks  familiar  I'll  say  no  change.  I  had  images  of 
I,  2,  s,  6  and  7  A. 

Group  24 :  62  %  S.  N  =  tyrannous,  V  =  tyrannize. 

Ha.  —  :  None  changed,  certain.  I  had  little  imagery  during 
the  interval.  But  they  all  look  familiar,  though  I  confess  that  I 
really  expected  to  see  "tyrannous"  where  "tyrannize"  is  now.  I 
cannot  say  why  I  had  this  expectation.  Perhaps  a  vag^e  image 
of  "tyrannous"  had  crept  into  my  mind  during  the  inten^al  and 
persisted  there.  (Here  I  asked  the  observer,  If  you  had  found 
tyrannous  where  tyrannize  is  now,  would  you  have  accepted  it  as 
familiar?)  "Oh,  there  is  no  doubt,  for  it  would  have  fitted  in 
with  my  expectation",  was  the  reply. 

It  was  enough  for  the  new  word  to  blot  out  the  non-common 
element  of  the  old  word  and  to  intensify  the  common  part, 
thereby  making  itself  acceptable  in  consciousness  while  it  re- 
vived, or  better  still,  allowed  only  a  partial  echo  of  the  previous 
one  to  resound.  In  some  instances  this  partial  echo,  like  the 
ghost  of  Hamlet's  father,  had  the  strength  to  cry  out  against 
the  intruder;  in  others  it  was  "very  faint."  Note  the  following 
case : 

Group  36 :  62%  S.    4  A  =  fabulous,  46  =  fabulize. 

Ke.  +  ( ?) :  "Fabulize"  seems  new,  100%  certain.  The 
effort  of  inner  speech  in  trying  to  pronounce  it  is  "*ry  mariced, 

jS'^ecialh'  •vi+Vi    'he  la<;t  narf  of  *ViP  xf-'^'-H- "15^*"  I.    V   o   e/>fifi/f 


QUANTIFICATION    OF   SIMILARITY  59 

that  involves  more  mouth  movement.  The  first  part  of  the 
word  seems  familiar  in  visual  terms.  During  the  interval  it 
seems  that  I  thought  of  the  word  "fabulous."  That  is  the 
word  that  must  have  been  there  before,  but  I  am  not  sure,  for 
it  may  also  have  come  into  my  mind  by  association  on  seeing 
"fabulize". 

Ma.  db  (  ?)  :  "FabuHze"  seems  new.  FU  give  it  60%  as  being 
new  on  the  basis  of  sound.  This  word  differs  from  the  previous 
one  in  the  z  sound. 

No  further  proof  seems  to  be  necessary  to  show  the  triple 
way  in  which  the  substituted  word  functions  in  having  itself 
accepted  for  the  genuine  one.  Even  where  it  fails  to  obliterate 
the  memory  of  the  previous  word  entirely,  it  tends  to  do  so 
with  increasing  force  as  it  approaches  the  normal  word  in 
degree  of  resemblance.  This  is  indicated  by  the  figures  in 
Table  11.  As  the  similarity  increases  the  subjects  tend  more 
and  more  to  say  to  themselves  that  the  echo  of  the  N  word 
is  a  delusion,  or  that  it  is  too  faint  to  rely  upon,  and  so  they 
accept  the  variable  for  the  normal  with  increasing  assurance, 
thus  committing  more  definite  errors.  Here  we  have  con- 
comitant variation.  It  is  only  logical  to  conclude,  therefore, 
that  all  the  errors  of  "was",  (where  V  was  said  to  have  been  N), 
result  from  the  superiority  of  the  sensory-motor  over  the  ideo- 
motor  force. 

(6)  It  happened  occasionally  that  a  subject  would  mistake 
one  of  the  words  constituting  the  milieu  as  being  new  because 
it  produced  an  association  or  an  attitude  not  experienced  on 
the  first  exposure.  Thus  in  group  35  "oiliness"  was  one  of 
the  7  words  making  up  the  setting.  When  this  group  was 
exposed  the  second  time,  observer  Bu.  said,  *T  am  doubtful 
about  "oiliness"  because  if  it  had  been  present  before,  I  should 
have  had  tactual  imagery  with  it  such  as  I  get  on  seeing  it 
now."  The  same  subject  declared  he  was  positive  that  he 
saw  all  the  words  on  the  first  exposure. 

(7)  It  is  difficult  to  draw  a  sharp  line  between  the  cases  that 
come  under  (6)  and  those  where  the  repeated  stimulus  was 
mistaken    '"'^**  new  Vcause  o"  Hs   failure  *o  revive  an  image 
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or  an  association  previously  experienced.    I  have  only  one  such 
instance  that  bears  sharp  lines  of  distinction. 

Group  41 :  100%  S.  Ha. —  :  "Polemic"  is  new;  100%  sure. 
It  does  not  fit  in  with  the  association  of  the  first  exposure.  It  is 
unusual.    But  as  I  think  about  it,  I  feel  less  sure  that  it  is  new. 

Note. — Because  form  is  the  most  conspicuous  feature  in  the  visual  realm 
which  causes  confusion  we  have  taken  that  as  the  basis  of  differentiation  in 
the  construction  of  our  similarity  scale.  Our  method  has  been  justified  both 
by  the  psychological  judgments  and  by  the  results  of  the  recognition  tests. 
But  now,  what  should  be  done  with  those  few  words  which,  possessing  the 
same  structural  similarity  jrielded  such  large  divergent  results  in  the  tests 
on  recognition?  (See  Table  8,  W-  33  and  40.)  Our  answer  is  that  such 
words,  whenever  they  occur,  should  be  treated  like  other  exceptional 
phenomena  in  nature — the  cause  of  their  apparently  exceptional  character 
should  be  sought  for. 

The  similarity  of  words  No.  40  was  75  per  cent,  yet  the  substitution  of 
one  for  the  other  was  recognized  100  per  cent  of  the  times.  An  examina- 
tion of  the  protocol  shows  the  reason  why.  The  non-common  elements  in 
these  words  are  so  diverse  that  they  sufficed  to  counterbalance  the  elements 
that  are  common.  Thus  introspection  reads :  40 :  75%S.  2A  =  parallel, 
2B  =  parallax. 

Ha.  +  ( — )  •  2B  is  new ;  100  per  cent  sure.  I  do  not  know  what  was 
there  before.  It  felt  new  the  instant  I  saw  it.  It  did  not  fit  in  with 
any  of  the  associations  I  had  received  from  the  first  exposure,  and  it 
awakened  a  lot  of  new  associations.  It  has  an  unusual  combination  of 
sounds;  the  end  especially  sounds  very  queer.    All  the  others  are  familiar. 

Bu.  +  ( — )  •  2B  is  new ;  absolutely  certain.  That  *x'  at  the  end  of 
'parallax'  is  altogether  strange  in  sound.  The  first  part  of  2B  reminded  me 
of  2A. 

Ma  +  (+)  •  2B  struck  me  as  quite  strange,  and  at  tiie  same  time  I  got 
a  verbal  image  of  2A.  100  per  cent  certain  2B  is  new.  All  words  seemed 
familiar  until  I  came  to  'parallax,'  wiien  the  'ax'  struck  me  as  strange. 
It  did  not  seem  to  sound  just  right. 

Conclusions 

The  results  of  our  experiments  up  to  this  point  seem  to 
justify  the  following  conclusions : 

( 1 )  Among  words  there  are  two  kinds  of  similarity — internal 
or  meaningful  similarity  and  external  or  structural  similarity — 
both  of  which  are  capable  of  producing  confusion  in  the 
recognitive  consciousness. 

(2)  Internal  similarity  has  no  fi"*  gradations,  the  highest 
attainphir    ^'^orree  being  that  wb^'*^     ^ronM    Fql     iK-in^  rnidway 
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(3)  There  is  a  simple  inverse  relation  between  degree  of 
similarity  and  recognitive  ability,  the  one  being  to  the  other, 
in  terms    of  percentage,  as  X:  (loo-X). 

(4)  It  is  more  difficult  to  recognize  the  same  thing  in  a 
totally  new  environment  than  in  the  same  environment — the 
ratio  of  difficulty  being  approximately  as  12:  i. 

(5)  It  is  more  difficult  to  recognize  the  same  thing  in  a 
totally  new  setting  than  a  totally  different  object  in  the  same 
setting — the  ratio  of  difficulty  being  3:1.  It  is  understood, 
of  course,  that  the  variable  and  normal  items  must  belong  to 
the  same  category  of  objects. 

(6)  The  feelings  of  familiarity  and  strangeness  tend  to 
neutralize  each  other  by  fusion,  that  one  gaining  the  upper  hand 
in  consciousness  which  is  induced  by  the  more  intense  stimulus. 

(7)  With  high  similarity  the  majority  of  errors  are  due  to 
the  obliteration  from  memory  of  the  original  N  impression  by 
the  perception  of  the  V  stimulus,  owing  to  the  superiority  of 
the  sensory-motor  force  over  the  ideo-motor  force. 

(8)  Doubt  arises  from  a  conflict  of  these  two  factors — ^the 
perception  or  the  memory  triumphing  according  as  objective 
similarity  is  high  or  low. 


PART  III 
Experiments  with  Picture  Post-Cards 

The  question  now  arises,  to  what  extent  are  the  foregoing  re 
suits  true  for  recognition  in  general?  In  order  to  verify  them 
we  looked  about  for  material  that  would  be  less  artificial  than 
words  and  more  representative  of  real  life  situations.  Still 
applying  ourselves  to  the  visual  realm  where,  as  Katzaroff  says, 
the  largest  part  of  life's  experience  is  cast,  it  occurred  to  us 
that  picture  post-cards  would  be  the  ideal  material;  since  they 
represent  all  kinds  of  scenes  and  situations- — such  as  streets, 
parks,  buildings,  landscapes,  sea-scapes,  plants,  animals,  and 
men,  women  and  children  in  different  activities  and  groupings;^ 
in  short,  everything  that  anybody  can  conceive  of  perceiving  in 
daily  life  and  be  called  upon  to  recognize  later  on. 

In  order  to  grade  these  cards  we  resorted  to  the  judgments 
of  IS  mature  and  competent  men.  It  has  already  been  shown 
in  the  word  series  that  such  judgments  of  similarity  are  fairly 
reliable,  and,  in  the  main,  quite  representative  of  the  objective 
similarity  determined  by  a  mechanical  process.  These  psycho- 
logical judgments,  moreover,  were  found  to  harmonize  not  only 
with  the  mathematical  values  of  the  words,  but  also  with  the 
recognition  values  obtained  from  different  individuals.  This,  it 
seems,  is  sufficient  proof  of  the  reliability  of  a  large  number  of 
judgments,  rendered  by  competent  individuals,  concerning 
objective  similarity. 

We,  therefore,  proceeded  to  grade  these  picture  post-cards  in 
the  following  manner :  Two  cards  that  were  totally  dissimilar — 
one  representing  a  large  red  rose  and  the  other  a  gray  church 
building  outlined  against  a  blue  sky — ^were  put  side  by  side  and 
given  the  arbitrary  value  of  zero  similarity,  (o%  S).  Two  other 
cards  that  were  identical  were  placed  beside  the  first  pair  and 
labeled  lOO  pe*-  cent  similar      ioo%   S).     These  two  pairs  of 

*  This    mo*AfIp         I     pryi^T    Mtxt^     of     -n,        -fa      T'H     P<r— rVir»lo<jr..    j  nl        *'-,. 


EXPERIMENTS   WITH  PICTURE  POST-CARDS  63 

cards  were  hung  upon  a  wire  rack.  Beneath  them,  in  three 
or  four  horizontal  rows,  were  strung  up  the  25  or  50  pairs  that 
were  to  be  judged.  The  backs  of  these  cards  were  marked 
I  A,  I  B ;  2  A,  2  B ;  .  .  .  .  nA,  nB.  The  A  card  was  placed 
to  the  left,  the  B  to  the  right  in  the  standardization  process, 
and  the  former  used  as  the  standard  the  latter  as  the  variable 
in  the  recognition  tests.  Fifteen  individuals  were  then  called 
into  the  experimenting  room,  one  at  a  time,  and  given  the  follow- 
ing instructions:  "You  have  before  you  a  number  of  picture 
post-cards  which  come  in  pairs  horizontally  arranged.  I  want 
you  to  look  at  them  and  to  tell  me  how  similar  you  think  the 
members  of  each  pair  are  to  one  another,  expressing  your  judg- 
ment in  terms  of  per  cent.  Let  the  upper  two  pairs  of  cards 
serve  as  the  opposite  ends  of  the  scale,  i.e.  as  the  zero  and 
identity  ends,  and  between  these  two  extremes  you  will  try  to 
locate  the  rest  in  terms  of  10  or  miultiples  of  10.  You  may 
look  over  all  the  cards  before  you  begin  to  judge,  but  give  your 
judgment  on  the  basis  of  the  first  impression  in  each  instance."^ 

These  15  judgments  rendered,  I  calculated  their  average  and 
called  that  the  objective  similarity  of  the  corresponding  pair 
of  cards.  Each  pair  was  then  placed  into  an  envelope  which 
was  labeled  with  the  number  and  value  of  its  contents  and  filed 
for  use.  The  reliability  of  this  arithmetic  average  was,  of  course, 
determined  by  the  mean  variation.  The  mean  variation  differed 
with  every  degree  of  similarity  owing  to  the  fact  that  it  was  a 
function  of  the  range  of  judgment,  as  it  should  be.  That  is  to 
say,  cards  that  were  rated  at  45  %  S  had  a  larger  M.  V.  than 
those  that  fell  within  the  0%  or  80%  unit  of  the  similarity 
scale.  The  reason  is  that  cards  of  45%  S  afforded  a  wider  range 
of  judgment — a  range  that  theoretically  varied  between  the  o 
and  90%  units  of  the  scale — than  the  cards  which  fell  into 
either  of  these  units.  The  following  table  gives  the  scale  of  re- 
semblance, the  average  M.  V.  corresponding  to  each  unit  of  the 

■I  owe  many  thanks  to  Prof.  Munsted>erg,  Dr.  S.  M.  Graves,  C.  F. 
Hawkins,  C.  L.  Hedden,  W.  W.  Reed,  Miss  Wilkins;  my  colleagues  in  the 
laboratory  and  the  rest  of  those  who  showed  real  friendship  as  well  as  a 
genuine  interest  in  the  promotion  of  science,  when  they  condescended  to 
sacrifice  much  of  their  valuable  time  in  judging  the  cards. 
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scale,  and  the  number  of  pairs  of  cards  that  entered  into  the 
construction  of  each  unit. 


%  S o 

Av.  M.V o 

No.  of  Cards 50 

It  will  be  remembered  that  in  the  case  of  the  words  I  grouped 
the  psychological  judgments  on  the  basis  of  structural  simi- 
larity, but  I  had  no  such  external  gfuide  for  the  grouping  of 
the  judgments  rendered  with  respect  to  the  picture  post-cards. 
Hence,  I  adopted  the  following  system  of  classification:  All 
cards  whose  values  ranged  between  i  and  g%  were  put  into  one 
class,  those  that  varied  between  10  and  19%  were  put  into 
another  class,  and  so  on  for  cards  that  varied  between  20  and 
29% ;  30  and  39% ;  40  and  49%,  etc.  In  general,  all  cards 
whose  values  ranged  lox  and  (lox  +  9),  where  x  is  a  positive 
interger,  were  grouped  together,  their  average  taken,  and  that 
average  made  to  constitute  a  unit  of  the  similarity  scale.  The 
construction  of  a  series  for  the  recognition  experiment  was 
then  a  simple  matter.  All  that  was  necessary  to  do  was  to  take 
from  the  filing  cabinet  an  equal  number  of  pairs  from  each 
group.  So  that  in  each  series  there  would  be  3  or  4  pairs  of 
0%  S,  an  equal  number  of  20%  S,  30%  S,  and  so  on. 

Experiments  on  Recognition  with  Picture  Cards 

With  my  material  thus  standardized  and  classified,  I  proceeded 
to  investigate  with  it  the  following  three  factors :  ( i )  The  rela- 
tion between  degree  of  similarity  and  recog^itive  ability. 
(2)  The  influence  of  N — the  number  of  objects  exposed  on 
recognition.  (3)  The  influence  of  t — the  time  of  exposure  on  the 
recognitive  process.  The  first  factor  was  really  our  main  con- 
cern ;  the  other  two  were  varied  in  order  that  we  might  discover 
the  ideal  conditions  under  which  a  definite  mathematical  relation 
might  be  established  between  similarity  and  ideational  recogni- 
tion. This  condition,  as  we  have  remarked  on  a  previous 
occasion,  must  be  one  such  that,  with  the  l^irgest  number  of  items 
^y^^osM  for  '^^'   ^b'^-^'^c^'  poF«=^^1e  t^^ni^,  ti;-      iKc^itnf^on  of  cards 
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of  0%  S  will  be  recognized  100%  of  the  times,  and  the  repeti- 
tion of  identical  cards  will  also  be  recognized  100%  of  the 
times,  or  almost  that  often;  while  the  substitution  of  cards  of 
intermediate  values  would  be  recognized  in  some  definite  ratio 
to  their  similarity.  What  that  ratio  was  is  what  we  wished 
to  find  out. 

For  these  experiments  I  used  the  apparatus  described  on  page 
15.  The  critical  card  was  exposed  among  a  fixed  number  of 
other  cards,  and  after  an  interval  of  20  seconds,  the  same  setting 
was  re-exposed  with  the  variable  card  in  place  of  the  normal 
or  with  no  change  at  all,  as  the  case  may  have  been.  The  posi- 
tion of  different  pairs  of  critical  cards  was  varied  from  group 
to  group,  but  that  of  the  same  pair  was  kept  constant  for  all 
observers.  The  milieu  for  each  alternate  exposure,  i.e.  for  each 
pair  of  critical  cards  was  always  new,  and  never  was  a  card 
from  one  setting  shown  in  another.  Not  only  were  the  critical 
cards  kept  in  the  same  position  for  each  observer,  but  the  entire 
pattern  or  layout  of  the  setting  was  also  kept  intact  for  all  ten 
subjects.^ 

I  had  10  subjects  for  these  experiments — all  of  them  members 
of  the  Harvard  Psychological  Laboratory,  and,  for  the  most 
part,  trained  psychologists.  Eight  of  the  observers  were  men 
and  two  women. "*  Each  of  them  came  to  me  separately,  at  in- 
tervals of  one  week.  The  sitting  with  each  observer  lasted  one 
hour,  during  which  time  an  average  of  15  or  20  judgments 
were  recorded.    All  sittings  took  place  between  9  and  i  o'clock. 

Each  series,  comprising  from  25  to  30  pairs  of  cards,  was 
devoted  to  the  examination  of  a  different  combination  of  N  and 

•An  easy  way  to  insure  uniform  conditions  with  respect  to  this  matter  is 
to  paste  the  "fillers"  on  a  cardboard,  and  to  leave  a  vacant  place,  of 
the  proper  dimension,  for  the  normal,  which,  after  the  first  exposure,  can 
be  quietly  removed  and  the  variable  put  in  its  place.  One  should  take 
care,  however,  that  the  loose  critical  cards  lie  flat  against  the  background, 
or  else  the  observers  will  learn  to  distinguish  them  from  the  "fillers" 
on  the  first  exposure,  and  this,  of  course,  will  vitiate  the  experiment. 

*F'or  their  participation  in  these  experiments  I  am  very  grateful  to 
Misses  O.  E.  Martin  and  O.  L.  M.  Seeley,  to  Drs.  R.  M.  Elliott,  R.  C. 
Givler,  H.  S.  Langfield,  H.  T.  Moore,  and  Messrs.  J.  H.  Picken,  A.  A. 
Roback,  N.  N.  Sen  Gupta,  and  E.  C.  Tolman. 
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t — size  and  length  of  exposure.  I  tried  to  have  as  many  units 
of  the  similarity  scale  as  possible  represented  in  each  series. 
Not  always,  however,  was  I  successful  in  this,  because  it  was 
difficult  to  find  cards  of  very  low  and  very  high  similarity,  i.e. 
below  30%  and  above  80%.  Had  I  been  able  to  find  such,  I 
should  have  had  a  scale  of  11  units,  but  owing  to  the  lack  of 
such  cards  the  scale  will  be  found  to  contain  from  8  to  9  units. 
Inasmuch  as  each  unit  in  a  given  series  is  represented  by  3  or 
4  pairs  of  cards,  the  recognitive  value  of  that  unit  is  based  on 
30  or  40  judgments. 

Cards  from  two  or  three  different  series  were  exposed  at 
each  sitting  so  as  to  avoid  the  inequality  that  would  result  from 
improvement  due  to  practice.  In  this  manner  one-half  of  all 
series  were  exposed  during  the  first  semester  of  1912-1913,  and 
the  second  half  during  the  second  semester.  The  10  subjects 
who  participated  in  this  investigation  were  never  allowed  to  see 
any  of  the  cards  either  before  or  after  the  experiments,  nor 
were  they  ever  acquainted  with  their  achievements. 

The  following  tables  embody  the  results  of  our  investigfation 
with  the  picture  post-cards.  They  should  be  interpreted  thus: 
The  first  vertical  column  contains  the  symbols  whereby  each  pair 
of  cards  were  designated;  the  second  column,  marked  %  S,  con- 
tains the  corresponding  similarity  of  the  variable  card  to  the 
normal  in  that  pair.  The  three  columns  under  the  heading  **Dis- 
tribution  of  Judgments'',  show  how  the  substitutions  were  recog- 
nized by  each  of  the  ten  observers,  i.e.  whether  they  were 
recognized  positively  (  +  ) ,  or  not  at  all  ( — ) ,  or  doubtfully  (  d:  ) , 
namely,  with  a  degree  of  certainty  that  varied  between  20  and 
79%.  The  sixth  column,  marked  %  C,  represents  the  per  cent 
correct  recognition,  of  course,  they  are  judgments  of  "change" 
in  all  cases  except  those  of  100%  S,  for  these  latter  they  are 
judgments  of  "no  change".  The  next  column  shows  the  total 
number  of  judgments  falling  within  each  unit.  The  column 
following,  marked  Av.  %  S,  contains  the  average  per  cent  simi- 
larity of  the  several  cards  within  the  sub-group,  while  the 
column  headed  Av.  %  C  gives  the  average  per  cent,  correct 
recognition  for  those  cards. 
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The  last  column  needs  a  little  fuller  explanation.  It  will 
be  remembered  that  I  advised  the  observers  not  only  to  point 
out  or  to  name  the  item  which  they  thought  was  new,  but  also 
to  mention  what  it  had  displaced.  The  ability  to  do  both  of 
these  things  is  called  perfect  knowledge,  (P.  K.),  and  the  per- 
centage of  times  that  the  subjects  were  able  to  render  such  de- 
scriptions is  recorded  in  the  column  %  P.  K.  This,  it  should  be 
noted,  served  to  indicate  whether  the  observers  actually  recog- 
nized the  substitution  or  merely  guessed  it;  also  whether  the 
variable  card  called  up  the  normal  by  association,  or  whether  the 
normal  was  carried  during  the  interval  as  a  memory  idea,  or  as  an 
image,  or,  finally,  whether  the  variable  tended  to  obliterate  the 
normal  from  consciousness.  Obviously  perfect  knowledge  of 
substitution  could  exist  only  where  the  observers  were  ioo% 
certain  of  their  judgments  of  recognition.  Hence  the  figures 
in  the  last  column  refer  only  to  the  judgments  recorded  under  the 
sign  + ;  they  have  nothing  to  do  with  the  doubtful  decisions. 
Where,  therefore,  as  a  result  of  the  application  of  the  Correct- 
tion  Formula  a  subtraction  occurs  from  the  total  number  of 
correct  judgments  that  subtraction  finds  its  justification  in  the 
existence  of  the  doubtful  judgments,  (±),  assuming  that 
P.  K.  =100%  in  the  given  case. 

Let  us  make  a  trial  reading.  Suppose  we  take  a  pair  of  cards  that  fall 
within  the  group  of  those  that  vary  in  similarity  between  70  and  79%-  Let 
it  be  No.  309.  If  we  read  across  horizontally,  we  note  that  they  were  74% S, 
that  6  subjects  recognized  the  substituHbn  definitely,  that  2  failed  to  recog- 
nize it  altogether,  and  that  2  were  doubtful  about  it.  By  employing  the  formula 
C  +  D 

2    where  C  stands   for  the  number  of  correct,  iD  doubtful,  and 


C  +  W+D 

W  wrong  judgments,  we  note  in  the  next  column  that  the  per  cent  correct 
recognition  for  card  309  is  70.  Since  5  pairs  of  cards  whose  similarity 
varied  between  70  and  Tj%  were  used,  and  since  each  substitution  was 
judged  10  titnes,  a  total  of  50  judgments  were  recorded.  The  average  simi- 
larity of  the  cards  within  this  group  is  74%,  and  the  average  correct  recog- 
nition of  their  substitutes  is  67%.  Hence  we  conclude  that  under  the  given 
conditions  of  the  experiment — \  cards  exposed  10  seconds — the  replacement 
of  one  by  another  of  74%S  will  be  recognized  about  67%  of  the  times.  This 
conclusion  is  not  based  on  the  50  judgments  alone.    It  receives  its  strongest 
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support  front  the  fact  that  there  exists  an  inverse  relation  between  recogni- 
tive  ability  and  degree  of  sitnilaxiity  for  the  entire  series,  as  the  figures  show, 
and  that  this  inverse  relation  also  holds  for  tihe  particular  unit  in  question. 

The  experiments  are  divided  into  differetit  sets — ^A,  B,  C, 
etc.,  in  each  of  which  one  factor  is  kept  constant  while  the 
other  two  are  varied.  Thus  in  set  A  the  exposure  time — t,  is 
kept  constant  while  the  number  of  objects,  N,  and  degree  of 
similarity,  S,  are  varied. 

Experiments  A 

Table  13 
Series  I:  4  Cards  Exposed  10  Sec. 

Distribu-  Total 

Card  tion  of  Judgments  Judg-         Av.         Av.       % 

No.  .    %S     .     H-     .      —     .      ±     .    7oC  .    ments    .    %S     .    %C  .  PX 


29  0         100  72 


10  35  90         100 


286 

0 

10 

100 

300 

0 

9 

100 

290 

0 

10 

100 

33X 

35 

8 

2 

90 

32X 

41 

9 

I 

90 

223 

47 

7 

3 

70 

31X 

49 

10 

100 

36X 

55 

8 

2 

90 

168 

55 

5 

4 

I 

55 

37^ 

58 

10 

100 

35X 

63 

9 

I 

95 

38X 

66 

3 

3 

4 

45 

263 

67 

9 

I 

95 

34X 

70 

5 

I 

4 

70 

39X 

73 

8 

2 

80 

309 

74 

6 

2 

2 

70 

182 

77 

7 

2 

I 

75 

299 

77 

3 

5 

2 

40 

40X 

91 

8 

2 

10 

12a 

100 

8 

2 

90 

17a 

100 

10 

100 

2ia 

100 

TO 

100 

30  46  87  100 


30  56  82  100 


30  65  7«  95 


50  74  67         100 


10  91  10 


30         100  97 
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Table  14 
Series  II :  5  Cards  Exposed  10  Sec 


Distribu-  Total 


Card 

tion 

of  Judgments 

Ju 

No.  . 

%S 

.  + 

•     ^"^ 

.  %C  .  m< 

150 

0 

10 

100 

i8b 

0 

10 

100 

2ib 

0 

10 

100 

29b 

0 

10 

100 

lOS 

25 

10 

100 

124 

42 

10 

100 

131 

44 

5 

4 

I 

55 

163 

48 

6 

3 

I 

65 

245 

49 

9 

I 

90 

97 

50 

9 

I 

90 

259 

51 

9 

I 

95 

8x 

55 

4 

2 

4 

60 

7x 

57 

4 

4 

2 

50 

305 

59 

8 

I 

I 

85 

85 

60 

7 

I 

2 

80 

176 

64 

7 

I 

I 

83 

2X 

66 

5 

3 

2 

60 

3x 

68 

4 

4 

2 

SO 

304 

68 

3 

3 

3 

50 

4x 

70 

5 

4 

I 

55 

262 

71 

8 

2 

80 

319 

75 

7 

2 

77 

77 

76 

3 

5 

2 

40 

5x 

79 

I 

7 

2 

20 

IX 

80 

10 

0     : 

lOX 

81 

4 

4 

2 

50 

9x 

94 

9 

I 

5 

i6a 

100 

10 

100 

20a 

100 

10 

100 

24a 

100 

9 

I 

95 

27a 

100 

9 

I 

90 

Av.        Av.       % 


40  0         100  73 


10  25         100  ? 


40  ^  7^  92 


bO  54  76  94 


48  64  65         100 


49  7^  5^  91 


20  81  25 


10  p^ 


40         100  g6 
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Table 

i'5 

Series  III: 

6  Cards  Exposed  10  Sec. 

Card 
No.  . 

%S     . 

tion 

+ 

Distribu- 

of  Judgments 

-H 

%C  . 

Total 
Judg- 
ments   . 

Av. 
%S 

Av. 
.    %C  . 

% 
P.K. 

15b 

0 

10 

100 

281 

0 

10 

100 

30 

0 

100 

60 

311 

0 

10 

100 

221 

115 
314 

45 
47 
49 

9 

7 
8 

I 

3 

I 

I 

90 
70 

85 

30 

47 

82 

100 

159 

45X 

50 
59 

7 
7 

I 
I 

I 
2 

83 
80 

19 

55 

81 

91 

47X 
4iac 

239 

61 
66 
66 

6 

7 
7 

2 

I 

3 

2 
2 

70 
80 
70 

30 

64 

73 

m 

100 

44X 
172 

/\2X 

70 

73 

75 

7 
5 
5 

r 

3 
3 

2 
2 
2 

80 
60 
60 

30 

73 

67 

? 

49X 
46X 

83 
86 

4 

3 

5 

3 

5 

55 
25 

20 

85 

40 

la 
2a 

100 
100 

9 
6 

I 
I 

3 

90 

75 

30 

100 

88 

3a 

100 

10 

100 

On  turning  our  attention  to  the  main  results  of  the  three 
foregoing  tables  we  find,  (i)  that  there  is  a  marked  inverse 
relation  between  degree  of  similarity  and  recognitive  ability; 
and  (2)  that  recognition  becomes  more  difficult  as  the  size 
of  the  group  increases.  Series  II  as  compared  with  Series  HI, 
seems  to  be  an  exception  to  the  second  statement  But  this 
is  because  Series  II  was  the  first  one  experimented  with,  hence, 
the  observers  being  entirely  unpracticed,  yielded  lower  results 
with  it  than  with  the  larger  exposure  of  Series  III. 

The  results  given  in  the  next  and  subsequent  Comparison 
Tables  are  based  on  the  Av.  %  C  modified  by  the  Correction 
Formula.  The  letters  N4,  N5,  N^,  .  .  .  .  N^  stand  for  the 
groups — ^the  subscripts  representing  their  size;  while  t^y  ts,  t^, 
.  .  .  .  t^  represent  the  length  of  exposure.  Therefore,  N4-tio 
means  a  group  of  4  cards  exposed  10  seconds,  etc. 


EXPERIMENTS   WITH  PICTURE  POST-CARDS  71 

Table  16 

Comparative  Per  Cent  Correct  Recognition  when  Cards  of  the  Same  Degree 
of  Similarity  are  Exposed  for  10  Seconds  in  Groups  of  4,  5,  and  6 

%  S  = o  25      35      45  55  65  75  &>      85      90      95      100 

N4  —  t,o 100  90      87  82  78  67  9               100 

Ng  —  t,o 100  100              78  76  65  54  25                         4      100 

N,  —  t,o 100  81  80  72  66  38                       icx) 

Experiments  B 
The  next  set  of  experiments  were  conducted  along  the  same 
line  as  the  previous  ones,  except  that  the  exposure  time  was 
reduced  from  10  to  7  seconds. 

Table  17 
Series  IV :  4  Cards  Exposed  7  Sec. 

Distribu-  Total 

Card  tioji  of  Judgments  Judg-         Av.         Av.       % 

No.  .    %S      .     -f-      •      —     •      ±     .    %C  .    ments    .    %S     .    %C  .  PX 

149     o     10  100     20 

149X    o     10  100  o         100  70 

107     23     9      I  90  10  2S  90  ? 

145     32     9      I  90     10     J-?     90      ? 

87     40     10  100 

130     45      9      I  90     30     44  S5  100 

249     43      5      2      3     65 

63X     50      6      2      2     70     20     5-?     75     92 
192     53      8      I      I     85 

74     62      8      I      I     85 

216     66     6     4  60     30     65     65     90 

116     68     3      3     4     50 

70X     70     7     2      I     75     20     7^     6j    100 
no     73     4     4     2     50 

323     88     I      7     2     20     10     55     20 

723L         100     9  I     95 

73a    100     9  I     95     30    700     97 

742    100     10  100 
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Card 
No.  .    %S 


Table  i8 
Series  V:  5  Cards  Exposed  7  Sec. 


Distribu-  Total 

tion  of  Judgments  Judg-        Av.        Av.       % 

+     .      —     .      ±     .    %C  .    ments    .    %S    .    %C  .  PJC 


6IX 

0 

10 

100 

62X 

0 

10 

100 

63X 

0 

10 

100 

217 

44 

9 

I 

95 

SOX 

46 

6 

3 

I 

6S 

106 

47 

10 

100 

56X 

48 

7 

2 

I 

75 

104 

SO 

9 

I 

90 

57X 

53 

5 

3 

2 

60 

99 

55 

7 

2 

I 

75 

53X 

67 

7 

3 

70 

54X 

67 

4 

3 

3 

55 

52X 

69 

8 

I 

I 

85 

118 

70 

4 

5 

I 

45 

55X 

78 

5 

2 

3 

65 

51X 

80 

6 

4 

60 

303 

82 

2 

6 

2 

30 

326 

83 

4 

6 

40 

59X 

90 

2 

6 

2 

30 

S8a 

100 

9 

I 

95 

4a 

100 

10 

100 

5a 

100 

8 

I 

r 

as 

30 


40 


30 


30 


20 


30 


10 


30 


46 


53 


68 


74 


82 


90 


100 


100 


84 


75 


70 


55 


40 


30 


93 


40 


94 


95 


94 


92 


100 
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Table  19 
Series  VI:  6  Cards  Exposed  7  Sec. 

Distribu-  Total 

Card  tion  of  Judgments  Judg-         Av.        Av.       % 

No.  .    %S     .     +     .      —     .      It     .    %C  .    ments    .    %S     .    %C  .  P.K. 


30  0  97 


148 

0 

9 

I 

90 

i6x 

0 

10 

100 

324 

0 

10 

100 

141 

23 

7 

3 

85 

63X 

41 

4 

2 

3 

61 

6ax 

43 

6 

I 

3 

75 

227 

47 

6 

3 

I 

60 

16 

49 

6 

4 

60 

65X 

52 

9 

I 

90 

182 

53 

5 

3 

2 

60 

71X 

58 

2 

5 

3 

35 

199 

60 

6 

2 

2 

70 

52 

60 

6 

2 

2 

70 

52 

61 

5 

3 

2 

60 

48 

67 

6 

3 

I 

65 

179 

69 

4 

4 

2 

50 

62 

70 

I 

6 

3 

25 

91 

74 

I 

7 

2 

20 

184 

75 

5 

4 

22 

119 

80 

2 

5 

3 

35 

66x 

87 

I 

7 

2 

20 

71 

86 

9 

I 

5 

15a 

100 

8 

2 

90 

22a 

100 

8 

2 

90 

24a 

100 

9 

I 

95 

10         23         85 


39  47  65  92 


30  54  ^^-^  100 


40  6^  6/  80 


29  7^  ^-? 


30  ^^  ^ 


30         100  g2 


Table  20 

Comparative  Per  Cent  Correct  Recognition  when  Cards  of  the  Same  Degree 
of  Similarity  are  Exposed  ifor  7  Seconds  in  Groups  of  4,  5,  and  6. 

%  S  = o       25        30       45        55        65        75        85       90  100 

N4  —  tr 100       90       90       85        78       65        63—               19  100 

N.  — .  tr 100                             84        74        69        54        39        29  100 

N.  —  t, 100       87                  66       63        61        22        19  100 
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Here  we  note  once  more  that  on  the  whole  recognitive  ability 
varies  inversely  (i)  as  degree  of  similarity,  and  (2)  as  the 
number  of  items  exposed. 

The  best  way  to  compare  one  series  with  another,  when  t  is 
constant,  is  to  divide  the  sum  %  C  of  one  by  the  sum  %  C 
of  the  other  which  exist  for  the  same  units  of  similarity, — dis- 
carding the  values  of  C  for  0%  S  and  100%  S.  Thus  the 
units  of  similarity  common  to  series  IV  and  V,  i.e.  N4  and  N5, 
are  45,  55,  65,  75,  and  90.  Now  2  %  C  for  N4  =  310,  and 
2  %  C  f  or  Ng  =  309. 

Therefore,  N4 :  N5  =  i :  i . 
Similarly,  Ng  :Ne  =  1 1.75. 
and  N4:  Ne  =  1 1.78. 
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Experiments  C 

The  third  set  of  experiments  still  follow  along  the  same  lines, 
only  this  time  the  period  of  exposure  is  once  more  reduced — 
from  7  to  5  seconds.  Here  we  add  a  group  of  3  cards  to  those 
of  4,  5  and  6,  in  order  that  we  may  compare  the  difference  be- 
tween exposing  6  cards  for  10  cards,  (see  Table  15),  and  half 
that  number  for  half  that  time. 


Table  21 
Series  VII:    3  Cards  Exposed  5  Sec. 


Card 
No.  .    %S 


Distribu-  Total 

tion  of  Judgments  Judg-         Av. 

+      .      —     .      ±     .    %C  .    ments    .    %S 


Av.       70 
%C  .  PJC. 


67X 

0 

10 

100 

68x 

0 

10 

100 

73X 

0 

10 

100 

220 

39 

10 

100 

273 

39 

10 

100 

55 

40 

8 

2 

80 

84 

45 

6 

I 

3 

75 

180 

45 

7 

2 

I 

75 

318 

45 

7 

3 

85 

133 

51 

9 

I 

95 

29 

52 

7 

2 

I 

75 

ZZ 

57 

5 

r 

4 

70 

255 

57 

5 

I' 

4 

70 

54 

62 

5 

3 

2 

60 

4 

66 

5 

3 

2 

60 

170 

66 

9 

I 

95 

93 

70 

3 

4 

3 

45 

47 

74 

5 

2 

3 

65 

61 

77 

2 

2 

6 

50 

117 

78 

4 

4 

I 

50 

14 

81 

5 

5 

25 

253 

81 

6 

I 

3 

75 

20a 

100 

9 

I 

95 

2ia 

100 

8 

2 

90 

26a 

100 

9 

I 

95 

27a 

100 

9 

I 

95 

30 


20 


40 


40 


30 


39 


20 


40 


39 


44 


54 


64 


75 


81 


100 


100 


100 


ICO 


95 


79 


ICO 


77 


89 


7^ 


93 


53 


100 


50 


100 


94 
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ies  VIII:    4  Car&s  Exposed  5  Sec. 


Card 
No.  .    %S 


Distritm- 
tioQ  of  Judgments 


Total 

Judg-        Ay.        At.      % 

meats   .   %S    .   %C  .  PJL 


146 

0 

9 

I 

95 

i6b 

0 

10 

100 

17b 

0 

10 

100 

26b 

0 

10 

100 

127 

30 

7 

3 

70 

289 

30 

9 

r 

90 

193 

38 

9 

I 

95 

89 

39 

8 

I 

I 

85 

76 

42 

8 

2 

9i> 

9 

45 

6 

I 

3 

75 

88 

50 

4 

3 

3 

55 

96 

57 

5 

I 

4 

70 

30 

58 

5 

3 

2 

60 

I 

60 

4 

3 

3 

55 

151 

62 

3 

I 

5 

61 

82 

67 

5 

4 

I 

55 

36 

66 

4 

4 

2 

SO 

165 

70 

3 

3 

4 

SO 

72 

70 

4 

5 

I 

45 

126 

78 

5 

3 

2 

60 

40 

78 

2 

6 

2 

30 

79 

80 

I 

7 

2 

20 

109 

80 

5 

5 

SO 

28a 

100 

10 

100 

29a 

100 

9 

I 

95 

30a 

100 

9 

I 

95 

31a 

100 

8 

2 

90 

20 


30 


39 


20 


100 


«3 


34 


43 


55 


64 


74 


So 


40 


100 


S5 


82 


100 


62 


90 


55 


97 


91 


35 


100 


95 
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Card 
No.  .    %S 


Table  23 
Series  IX :    5  Cards  Exposed  S  Sec. 


Distribu-  Total 

tion  of  Judgments  Judg-        Av.        Av.       70 

+     .      —     .      ±     .    %C  .    ments    .    %S     .    %C  .  P.K. 


229 
232 

237 

166 
i67 

215 
207 

103 
174 


o 
o 
o 

20 

23 
26 

29 

33 
39 


8 
9 

ID 

6 
6 

9 
9 

6 
6 


3 
3 

I 
3 


I  85 

I  95 

100 


I 
I 
I 


I 
3 


65 
65 
95 
90 

65 
83 


30 


40 


19 


^5 


S6 


90 


79 


44 


75 


7i 


91 


100 
186 

59 

236 

6 

18 

162 

21 
32 
48 

49 
161 

42 
37 


44 
44 
49 

S3 
54 

57 
57 

60 

64 
67 

70 

74 

80 
89 


7 
6 

3 

7 
4 
6 

5 

4 
I 

2 


3 

2 

I 

I 

4 
3 

5 

3 
6 

7 

6 

8 

6 
9 


2 
6 

2 
2 

I 


3 
3 
I 


I 
I 


70 
70 
60 

80 

50 

65 
50 

55 
25 
25 

20 

20 

35 
5 


30 


40 


30 


20 


20 


46 


55 


64 


73 


85 


67 


61 


35 


20 


20 


100 


91 


100 


100 


32a 
33a 

3Sa 


100 
100 
100 
100 


9 
8 

9 

8 


I 

2 
I 
I 


95 
90 

95 
85 


40 


100 


91 
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Card 
No.  .    %S 


Table  24 
Series  X:6  Cards  Exposed  5  Sec. 


Distribu- 
tion of  Judgmeats 
+     .      —     .      ±:     .    %C  . 


Total 

Judg-        Av. 

ments    .    %S 


29b 

0 

9 

I 

90 

30b 

0 

10 

100 

31b 

0 

8 

2 

80 

246 

30 

8 

2 

80 

81 

Z2 

6 

4 

60 

270 

Z7 

8 

I 

I 

85 

95 

39 

6 

2 

2 

70 

198 

47 

7 

I 

2 

80 

78 

48 

4 

2 

4 

60 

23 

50 

2 

6 

2 

30 

173 

54 

4 

3 

3 

55 

8 

58 

3 

6 

I 

35 

10 

60 

2 

6 

2 

30 

258 

65 

8 

2 

10 

75 

66 

3 

5 

2 

40 

241 

72 

I 

7 

2 

20 

136 

77 

I 

8 

I 

15 

140 

77 

2 

6 

2 

30 

108 

80 

2 

7 

I 

25 

15 1- 

82 

I 

8 

I 

15 

256 

83 

2 

7 

I 

25 

7Z 

86 

6 

4 

20 

38a 

100 

7 

3 

85 

39a 

100 

10 

100 

40a 

100 

9 

I 

95 

41a 

100 

8 

T 

I 

85 

30 


40 


20 


30 


30 


30 


40 


40 


35 


4B 


53 


64 


75 


83 


100 


Av.       % 
foC  .  PJC 


90 


74 


70 


40 


i7 


23 


21 


91 


92 


83 


100 


60 


66 


100 


Table  25 

Comparative  Per  Cent  Correct  Recognition  when  Cards  of  the  Saime 
of  Similarity  are  Exposed  for  5  Sec.  in  Groups  of  3»  4,  5  and  6. 

%  S  = o  25      35  40      45      50      55  65  75  80      85      lOO 

N.  —  t,  100  99      78  76  71  51  48               lOD 

N*  —  t, 100              86  82  62  54  45  34              100 

N5  —  ts  100  87      80  71              64  37  20  20      ido 

N,  —  ts 100              80  74     44  30  23  100 

If  we  compare  any  two  series  by  taking  those  values  of  C 
which  exist  for  t^-*  ^'milarity  units  common  to  them,  (discarding' 
the  extre"^''  ^^'^'=^      ve  find  further  proof  of  what  ma^'  ^  called 

■ 
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varies  inversely  as  the  number  of  objects  perceived.  Is  there  a 
definite  mathematical  relation  between  N  and  C,  where  N  stands 
for  the  size  of  the  group  and  C  for  correct  recognition?     Of 

* 

course,  much  will  depend  on  time  of  exposure — ^t.  But  since  this 
third  factor  is  constant  in  the  above  series  it  piay  be  cancelled  out. 
If  we  do  so,  we  find,  with  respect  to  the  remaining  factors,  that 
their  product  in  any  given  series  divided  by  their  product  in  any 
other  series  is  always  equal  to  a  constant  K,  the  value  of  which 
is  I  it  .1. 

That  is,  i<r  r^  =  i  d=  .i  . 

Thus  suppose  we  take  Ng  and  N4.  The  similarity  units  com- 
mon to  them  are  40,  55,  65,  75,  80.  Now  the  sum  of  %  C 
common  to  these  units  for  Ng  is  345,  and  for  N4,  277.    There- 


fore, 


C,N,       277x4 


.98 . . 

.(2). 

C,N, 
C.N. 

1. 00, 

C.N. 

C,N, 

-    .86, 

T  .,       •  Q  N,  _  247x4  __ 

Likewise,  ^^  N,  ^  ^^7^  " 

while     ^^  =  .93,     •  .  (3)  ^^  =  i.oo,  ...  (4) 

§^  =  -95,  ...  (5)  ^^  =    .86,  .  .  .  (6) 

Of  these  six  equations  only  one — (6) — varies  considerably 
from  the  standard  equation.  Obviously,  in  this  particular  com- 
bination, %  C  for  Ng  is  too  low.  If  we  turn  to  the  individual 
values  of  %  C  in  this  group,  we  find  that  the  value  for  45%  S 
is  only  78,  whereas  the  one  immediately  before  it  is  99  and  the 
one  immediately  following  is  76.  For  this  reason,  then,  and 
because  the  other  equations  give  results  that  are  so  near  unity, 
we  may  conclude  that  the  standard  equation  is  correct.^ 

•Whether  or  not  the  foregoing  results  are  due  to  chance  can  be  easily 
determined  by  asking  ourselves  the  following  question:  Given  four  inde- 
pendent variables — a,  b,  c,  d, — what  is  the  probability  that  the  combination 
of  any  two  of  them  will  always  give  rise  to  the  same  event? 

The  possible  ways  in  which  the  4  variables  can  combine  taken  2  at  a  time, 
are  6.  Thgit  is,  they  can  give  rise  to  6  different  events.  Suppose  we  represent 
them  thus: 

ab  =  A,  be  =  B,  cd  =  C,  ac  =  D,  ad  =  E,  bd  =  F. 
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C  N 
Now  since     »     »  =  i,   we  get,  by  transposing,  C,N,=  C^N^. 

Therefore,  -^^  ^ ;  similarly,  ^=  ^,  and  in  general,  §^  =  ^  . 

Whence  we  may  conclude  that  under  the  conditions  of  the 
experiment,  and  with  a  constant  exposure  time  of  5  seconds, 
the  recognitive  ability  of  one  group  is  to  another  inversely  as 
the  size  of  the  first  is  to  the  size  of  the  second.  Thus  if  a 
card  of  x%  S  is  recognized  y%  of  the  times  in  a  group  of  3 
items  exposed  for  5  seconds,  then  in  a  group  of  4  times  it  will 
be  recognized  }iy%  oi  the  times. 

If  we  now  take  the  values  of  %  C  obtained  with  N^tio* 
(Table  15),  and  compare  them  with  those  of  N^ts  corresponding 

to  the  same  units  of  similarity,  we  find  that     ^— •  =  i  .04.    This 

indicates  that  for  cards  exposed  at  the  rate  of  one  per  i  %  sec, 
the  doubling  of  the  time  of  exposure  fully  compensates  for  the 
doubling  of  the  number  of  cards  exposed — within  certain  limits  of 
course.  This  fact  should  be  kept  in  mind,  for  it  will  be  shown 
that  this  relation  does  not  hold  for  cards  exposed  at  the  rate 
of  one  per  i  sec. 

Experiments  D 

The  final  set  of  experiments  were  made  with  cards  exposed 
at  the  rate  of  i  per  sec.  in  groups  of  3,  4,  5  and  6.  The  follow- 
ing tables  give  the  itemized  results,*  while  Table  29  contains 
the  main  results  modified  by  the  Correction  Formula.  It  is  on 
the  basis  of  these  latter  that  the  curves  in  Plate  II  are  drawn. 

Since  we  do  not  know  beforehand  which  one  of  these  occurrences  ab  will 
give  rise  to,  and  since  it  must  give  rise  to  one  of  them,  the  probability  that 
it  will  produce  its  effect,  A,  let  us  suppose,  =  i.  But  now  what  is  the 
probability  that  be  will  give  rise  to  A  and  not  to  something  else,  such  as  B, 
or  C  or  D?  Manifestly  %.  Likewise  the  chance  that  cd  will  give  rise 
to  A  only,  =  % ;  and  so  on  for  ac,  ad  and  bd.  Therefore  ,the  probability 
that  all  combinations  will  give  rise  to  the  same  event  or    ^'*  basis  of  chance 

— »    I    »    I         I     =  •      That  is,  the  Of^*^^   if       "-'^^r  '\f  o  -         -^enUc   SAinor  (Jm 

*  *  \6  /  7776 

to  cause  ind  not  to  char'"      i         ;  to 
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These  curves  show  the  relation  between  %  C  and  %  S  obtained 
with  cards  exposed  at  the  rate  of  i  per  sec.  and  words  exposed 
at  the  rate  of  i  per  J4  second. 

Table  26 
Series  XI :    3  Cards  Exposed  3  Sec 


Card 
No.  .    %S 


Distribu-  Total 

tion  of  Judgoients  Judg-        Av. 

+     .      —     .      ±     .    %C  .    ments    .    %S 


Av.       % 
%C  .  PJC 


33b 

0 

10 

100 

34b 

0 

10 

100 

269 

0 

9 

I 

95 

260 

0 

10 

100 

228 

19 

10 

100 

225 

27 

10 

100 

153 

33 

10 

100 

195 

33 

10 

100 

268 

35 

9 

I 

95 

12 

45 

6 

2 

2 

70 

205 

47 

8 

I 

I 

85 

121 

54 

5 

4 

I 

55 

133 

57 

5 

3 

2 

60 

68 

60 

6 

3 

I 

65 

132 

63 

2 

3 

5 

45 

53 

64 

2 

4 

4 

40 

7 

70 

6 

2 

2 

70 

46 

72 

3 

4 

3 

45 

19 

73 

r 

6 

3 

25 

178 

82 

2 

6 

2 

25 

247 

85 

I 

9 

10 

70 

87 

I 

6 

3 

25 

152 

88 

I 

8 

I 

15 

42a 

100 

10 

100 

43a 

100 

9 

I 

95 

44a 

100 

8 

2 

90 

45a 

100 

8 

I 

I 

85 

40 


20 


30 


20 


20 


30 


30 


40 


40 


20 


34 


46 


55 


62 


72 


85 


100 


99 


100 


98 


78 


58 


50 


46 


20 


93 


90 


90 


100 


100 


100 


95 


100 


100 
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xn 


4  Gsvils 


,    %S 


am  of  Ji 


At. 


At.       % 


y^ 

0 

10 

100 

^30 

0 

10 

100 

^33 

0 

9 

I 

9» 

226 

TO 

9 

95 

^34 

^ 

9 

95 

1% 

^ 

10 

■M> 

»> 

30 

9 

I 

9» 

^f 

30 

8 

I 

88 

K/^ 

35 

7 

2 

75 

222 

31> 

7 

I 

80 

2« 

4& 

9 

9S 

2iO 

47 

5 

I 

4 

70 

^54 

SO 

4 

2 

4 

60 

16 

52 

8 

I 

85 

234 

56 

5 

3 

2 

60 

50 

^ 

5 

3 

2 

60 

155 

^ 

I 

5 

4 

3«> 

K/f 

65 

6 

4 

60 

fi 

69 

I 

5 

4 

30 

57 

70 

2 

3 

5 

45 

35 

73 

I 

6 

3 

25 

66 

81 

I 

8 

I 

15 

»4 

83 

2 

5 

3 

35 

257 

ft^ 

7 

3 

15 

46a 

100 

9 

I 

95 

47a 

100 

9 

I 

95 

4»a 

100 

10 

100 

4Ca 

100 

8 

2 

90 

39 


33 


83 


95 


S3 


6S 


45 


30 


7^ 


«# 


35  — 


100 


95 
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Table  28 
Series  XIII :    6  Cards  Exposed  6  Sec. 


Distribu- 

Total 

Car<l 

tion 

of  Judgments 

Judg- 

Av. 

Av. 

% 

No.  . 

%S 

•  + 

•            • 

± 

.  %C  . 

ments 

.  %S 

.  %C  . 

P.K. 

147 

0 

7 

I 

2 

80 

153 

0 

8 

I 

I' 

85 

40 

0 

86 

37 

231 

0 

8 

2 

80 

250 

0 

10 

ICO 

219 

25 

10 

ICO 

208 

25 

7 

I 

2 

80 

40 

26 

81 

93 

183 

27 

8 

2 

90 

176 

28 

4 

3 

3 

55 

200 

34 

8 

2 

90 

20 

36 

77 

100 

98 

38 

6 

3 

I 

65 

143 

43 

3 

4 

3 

45 

25 

45 

5 

3 

2 

60 

40 

45 

56 

93 

26 

45 

5 

3 

2 

60 

69 

46 

3 

I 

6 

60 

139 

53 

2 

4 

4 

40 

20 

55 

38 

..^ 

169 

56 

2 

5 

3 

35 

63 

63 

2 

5 

3 

35 

65 

(^3 

2 

4 

4 

40 

40 

65 

34 

90 

128 

65 

I 

8 

I 

15 

III 

(^ 

2 

3 

5 

45 

« 

112 

72 

3 

3 

4 

50 

122 

7(^ 

2 

6 

2 

30 

40 

76 

30 

80 

39 

77 

I 

6 

3 

25 

44 

78 

I 

8 

I 

15 

212 

84 

2 

8 

20 

321X 

85 

I 

8 

I 

15 

40 

86 

14 

— 

298 

87 

10 

0 

243 

88 

2 

8 

20 

50a 

100 

7 

I 

2 

80 

51a 

ICO 

8 

2 

90 

40 

100 

88 

52a 

100 

8 

I 

I 

85 

53a 

100 

8 

2 

90 

Table  29 

Comparative  Per  Cent  Correct  Recognition  When  Cards  of  the  Sam«  Degree 
of  Similarity  are  Exposed  at  the  Rate  of  i  per  Second  in 

Groups  of  3,  4,  5,  and  6. 

%  S  = 0   25       35        45       55        65       75       85  JOO 

N,  —  t,  =  100   100   97    77        S7        49       45    18  100 

N4  —  t*  =  100   99   85   83   69   45   35   22  100 

N,  —  t,  =  100   S7       80   71   64   37   20   20  100 

N,  —  t«  =  100   88   83   61   44   33   31    14  100 

Av.  =  100        9S       86        7S       58       41        33        i8  100 
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From  these  figures  we  find  that  the  sum  of  %  C  of  each 
group — discarding  the  values  for  o%  S  and  ioo%  S — ^is 

SC,  =  443,    SC,  =  438,    SC,  =  379,    SC.  =  353  . 

Whence  it  appears  that  recognitive  ability  varies  inversely 
as  the  number  of  objects  exposed  when  the  length  of  exposure 
for  each  object  is  the  same  and  not  more  than  i  second.  This 
may  be  called  the  third  law  of  recognition. 

On  the  other  hand,  it  was  found;  (page  79),  that  no  diminu- 
tion in  recognition  occurs  if  i^  seconds  are  added  to  the  ex- 
posure time  for  each  additional  card.  Hence,  we  may  conclude 
that  under  the  conditions  of  the  experiment,  size  of  exposure 
stands  to  length  of  exposure  in  the  ratio  ofi:(i  +  ^  — x), 
when  X  <  ^. 

Plate  II 
Curyes  Showing  Av.  %  C  for  Cards  Exposed  at  the  Rate  of  i  per  Sec  in 
Groups  of  3,  4,  5,  and  6,  and  Words  Exposed  at  the  Rate  of  i  per  J4  Sec 
in  Groups  of  8. 
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We  have  thus  far  considered  the  influence  of  three  factors 
on  the  process  of  recognition:  (i)  degree  of  similarity,  (2) 
length  of  series  when  exposure  time  is  constant,  (3)  length 
of  series  when  exposure  time  is  proportionate.  And  we  have 
found  that  recognitive  ability  varies  inversely  as  each  of  these 
moments.  There  is  still  a  fourth  factor  to  be  considered,  namely, 
the  influence  on  recognition  of  the  varying  periods  of  exposure 
when  length  of  series  is  constant. 

The  following  table  contains  data  from  Tables  16,  20  and 
25,  arranged  in  such  a  way  as  to  show  the  %  C  for  groups 
of  4,  5,  and  6  cards  when  each  was  exposed  for  10,  7  and  5 
seconds  successively.  The  reader  should  remember  that  there 
were  three  series  of  each  size,  so  that  altogether  9  series  are 
represented.  In  order  to  make  the  comparison  meaningful  we 
employ  only  those  values  of  C  which  have  the  same  units  of 
similarity  in  all  9  series.  Hence  the  figures  in  the  last  column 
represent  Av.  %  C  f or  S  =  45,  55,  65,  and  75%. 

Table  30 
Influence  of  Time  of  Exposure  (t)  when  Size  of  Group  (N)  is  Constant. 

Avw  %  C 

for  4 

units  of  S 

79 

73 
61 


35 
90 
90 
86 


40 


86 


45 
87 
85 
82 


55 
82 

78 
62 


65 
78 
65 

54 


75      So      85 

67 

63- 

45      34 


87      80 


78      76      65      54      25 

84      74      69      54  39 

81      64      37      20  20 


N. 


t«= 

tT  = 


87 


80 


Sv  80 
66  63 
74      44 


72  66 
61  22 
30"     23 


38 

19 
21 


75* 
70 

48 

73 
53 
43 


♦Interpolated  as  the  probable  value  if  this  series  had  not  been  exposed 
to  the  observers  at  the  beginning  of  the  experiment,  i.e..  when  they  were  still 
unpracticed. 

From  these  figures  we  gather  that  for  any  given  value  of 
N  recognition  varies  directly  as  the  length  of  exposure.  This 
may  be  called  the  fourth  law  of  recognition.  It  seems  that  it 
makes  little  diflference  whether  groups  of  4  or  5  cards  are 
exposed  for  10  and  7  seconds  successively.  A  decided  differ- 
ence  first   appears   when    t  =    5.      This    should   not   be   sur- 
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prising,  for  if  the  exposure  time  is  long  enough  to  enable 
complete  or  even  partial  memorization  of  the  group,  then  it  does 
not  matter  whether  one  extra  item  is  added  or  not. 

There  is  another  kind  of  comparison  to  be  made.  On  the 
one  hand,  we  may  let  C  =  ioo%  when  t  =  lo  sec.  for  every 
value  of  N,  on  the  other  hand,  we  may  let  C  =  ioo%  when  N  = 
4  for  any  value  of  t.  In  this  way  we  shall  obtain  results  which, 
will  enable  us  to  tell  at  a  glance  whether  the  exposure  of  the 
same  number  of  cards  for  periods  varying  in  the  ratio  of  lo:  7 :  5 
sec.  gives  the  same  results  as  the  exposure  for  equal  units  of 
time  of  groups  varying  in  the  ratio  of  4:5:6  cards. 

In  the  following  table  part  A  shows  the  gradations  of  C  when 
N  is  constant  and  t  varies;  part  B  when  t  is  constant  and  N 
varies.  The  calculation  in  each  case  is  made  for  the  same 
units  of  the  similarity  scale. 

Table  31 

A  B 

Effect  of  t  on  Recognition  Effect  of  N  on  Recognition 

N4       N.       N.  t„        t,        t, 

t,o 100   100   100  N4 100   100   100 

tf   92       94       73  N. 96       97       88 

t,   78       72        59  N. 90       72       70 

Here  we  find  that  for  any  value  of  N,  the  reduction  of  t  first 
by  30%,  than  by  50%  produces  a  larger  variation  in  %  Cthan 
the  increase  of  N  first  by  25%  then  by  50%  does  for  any  value 
of  t.  This  is  only  another  way  of  proving  that  for  each  addi- 
tional item  added  to  a  group  of  x  items  exposed  for  y  seconds, 
we  must  add  not  i  second,  but  i  +  a  fraction  of  a  second  if  we 
wish  to  obtain  the  same  results.  In  this  connection  sec 
conclusion  on  page  83. 

And  now  if  we  let  %  C  obtained  from  the  combination  of 
N4-tio  =  100,  the  relative  values  of  any  combination  of  N  and  t 
can  be  seen  from  Table  32. 

Table  32 
Relative  Values  o5  N«  —  ty  Determined  to  the  Base  of  N*  — •  ti» 

N,  N.  N,  N, 

ti.  100  95  92 

t,    92  9C  "7 

U         "^8  ^  A  80 
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Whence  we  derive  the  following  equations  or  pairs  of 
equivalent  formulae: 

(1)  N,  -  t,  =  N.  -  U. 

(2)  N,  —  t4  =  N,  —  t,  > 

(3)  N.  -  t.  =  N.  -  t, 

(4)  N5  —  tx  =  N,  —  t, 

(5)  N.  -  t.  =  N.  -  te 

Of  these,  the  analytical  tables  indicate  that  the  most  ideal 
combination  of  N  and  t,  i.e.,  those  which  give  the  most  evenly 
graded  correlations  between  C  and  S,  are:  Ne"t7,  N4-t5,  Ng-ts, 
N4-t4  and  Ng-te-  The  last  one  being  the  best.  But  as  the  closest 
one-to-one  correspondence  obtains  between  N4-t4  for  post-cards 
and  N8-t4  for  tri-syllabic  words,  these  two  may  be  used  with 
advantage  for  practical  purposes. 

This  is  the  goal  of  our  quest. 

Summary  of  Tests  with  Picture  Post-Cards 

And  now  if  we  bring  all  our  results  together,  we  obtain  Table 
33,  which  shows  the  average  per  cent  correct  recognition  for 
each  value  of  S  determined  on  the  basis  of  all  judgments  rendered 
for  all  substitutions  of  that  particular  S. 

Table  33 

%  S  =  0  25  35  45  55  65  75  So  85    100 

Total  No.  Judgments 409  150  228  379  389  447  437  90  230  470 

%  C  =  700  92  87  77  67  55  45  34  21    100 

Total  +  Judgments  389  77  184  227  228  201  122  V2  22 

%  P.K 61  93  95  95  93  9i  94  ?  ? 

This  is  the  curve  we  should  expect  to  obtain  when  g^roups 
of  4  items  are  exposed  for  5  seconds. 

There  are  two  interesting  questions  that  present  themselves 
in  connection  with  the  above  figures,  (i)  Why  is  it  that  the 
recognition  of  a  25%  substitution  is  almost  as  high  as  that  of 
a  0%  substitution?  (2)  Why  is  it  that  %  P.K.  is  so  low  when 
S  =  0%  ?  Both  of  these  facts  came  out  in  the  word  experiments 
as  well  as  in  these  latter  tests. 

With  regard  to  the  first  question  the  only  explanation  to  be 
offered  is  that  similarity  in  the  visual  realm  must  reach  a  certain 
minimal  value  before  confusion  will  be  produced  in  the  recog- 
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nitive  consciousness.  This  conditon  is  entirely  analogous  to 
what  we  have  in  sensation —  the  stimulus  must  reach  a  certain 
minimal  intensity  before  it  will  produce  a  just  perceptable 
sensation.  Likewise  in  ideational  discrimination — ^no  con- 
fusion between  two  stimuli  will  result  until  the  similarity  reaches 
at  least  20%.  Beyond  that  recognition  seems  to  vary  inversely 
as  similarity  in  the  ratio  of  X:  (loo-X)  expressed  in  terms  of 
percentage. 

The  other  question  demands  more  careful  consideration.  It 
has  already  been  remarked  (page  42  flf)  that  the  totally  dissimilar 
impression  seems  to  wipe  out  all  memory  of  the  previous  one. 
The  theory  advanced  was  that  owing  to  its  great  dissimilarity, 
it  sets  up  a  totally  different  brain  process  which,  for  the  time 
being,  eliminates  the  one  previously  induced. 

Introspection  bears  this  out.  Substitutions  of  O  similarity 
invariably  produced  a  shock.  Thus  in  Se  IX-237'^  the  subjects 
say:  A:  +  (  +  )  V  is  new,  100%  sure.  I  had  a  general  impres- 
sion of  all  cards  and  V  did  not  fit  in  with  the  rest.  It  gave  me  a 
shock  when  I  saw  it.    I  know  what  was  there  before. 

B:+  ( — )  V  is  new,  100%  certain.  I  knew  during  the 
interval  what  card  was  there  before,  but  this  card,  V,  knocked 
it  right  out  of  memory.  This  new  picture  post-card  is  so 
prominent  that  it  seems  to  inhibit  the  other  one  every  time  I 
make  an  effort  to  call  it  up. 

Se.  III-311.  A:  +  (' — )  V  is  new,  100%  sure.  I  never  saw 
it  before.  It  seems  like  a  thing  in  a  wrong  setting;  it  does  not 
harmonize  with  the  others.  It  gives  me  a  new  kinaesthetic 
feeling.     I  cannot  recall  what  was  there  before. 

Se.  V-63X :  H :  +  ( — )  As  soon  as  the  shutter  went  up  the 
first  time  I  went  over  all  the  cards  and  read  some  of  their 
writing,  portions  of  which  I  carried  in  memory  during  the  in- 
terval, as  well  as  the  images  of  three  cards.  When  the  shutter 
^'ent  up  the  second  time,  I  looked  at  some  and  found  them 
familiar,  but  when  I  came  to  V  it  gave  me  the  impression  of  ■ 
acant  lot  among  a  group  of  buildings.  It  was  like  somethinir 
vhich  larks  meaning.     If  there  ^^d  hf^r^  10  card  there  at  aL, 
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I  don't  think  the  feeling  of  emptiness  produced  in  me  would 
have  been  more  pronounced. 

Frequently  the  subjects  would  declare  that  they  had  a  vague 
idea  of  what  was  there  before,  but  they  could  not  call  it  up  in 
memory.  Yet  in  some  instances  they  would  succeed  in  recall- 
ing N  after  an  interval  of  a  minute  or  two.  Sometimes  they 
would  make  a  conscious  effort,  at  other  times  they  woud  remain 
passive,  and  N  would  come  back  of  its  own  accord. 

This  occurrence  led  me  to  believe  that  perhaps  they  did  not 
observe  the  cards  as  separate  entities,  but  took  in  the  group 
as  a  whole;  in  the  same  sense  that  one  regards  a  painting  as  a 
composition  and  not  as  so  many  isolated  figures  or  patches  of 
color.  Of  course,  this  question  once  more  reverts  to  our  main 
problem.  The  fact  that  deceptive  substitutions  could  be  made 
with  cards  of  35  or  45%  similarity  shows  that  the  single  cards 
at  least  were  carried  as  entities,  for  if  their  contents  had  been 
carried  piece-meal  no  deception  would  have  been  possible  at  all. 

That  this  was  true,  to  a  less  extent,  of  the  group  afe  a  whole, 
I  found  out  in  the  following  manner.  When  a  zero  substitution 
had  been  made,  and  the  observer  declared,  on  the  second  ex- 
posure, that  he  was  positive  V  was  new  but  could  not  recall 
what  had  been  there  before,  I  would  remove  one  of  the  fillers 
and  put  N  in  its  place,  still  leaving  V  where  it  was.  Exposing 
this  group  once  more,  the  subject  would  say,  "Well,  this  is  the 
same  group  you  showed  me  just  before,  i.e.  the  second  time." 
Whereupon  I  would  take  V  out,  put  N  into  its  original  place, 
and  return  the  filler.  Exposing  the  group  again,  the  observer 
would  exclaim,  "Oh  yes,  there  is  N.  That's  the  card  I  could 
not  recall."  Or,  "The  whole  group  is  now  the  same  as  the 
one  you  showed  me  on  the  first  exposure.  I  recognize  all  the 
cards  now  that  they  are  in  their  original  positions." 

Occasionally  on  the  third  exposure  the  subject  would  assert 
that  N,  being  displaced,  is  a  new  card,  and  only  when  it  was 
returned  to  its  original  place  was  it  recognized  as  the  original 
card,  i.e.  as  the  missing  item.  The  following  cases  are  char- 
acteristic of  ^hp'  tnanv  fh^f  occurred. 
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Se.  III-311 
4  (A-B)-0%S 
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Fig.  XI. 


I:  +  ( — )  Exp.  2:®  4B  is  new,  100% 
certain.  I  don't  know  what  was  there 
before. 

Exp.  3.  (6A-4B) :  Well,  about  four  of 
the  cards  are  the  same  as  in  the  second 
exposure.  There  is  one  new  one — the  lower 
right — 6A.  I  don't  remember  having  seen 
it  before. 

Exp.  4.  (4A)  :  This  is  what  I  saw  on 
the  first  exposure,  and  by  "this"  I  mean  the 
whole  group.  But  I  also  know  now  that  this  lower  left  card, 
4  A,  is  what  I  saw  the  very  first  time.  But  I  could  not  recognize 
it  when  it  was  put  in  a  different  position.  I  don't  know  why, 
perhaps  I  remembered  it  in  relation  to  the  others. 

J :  +  ( — )  Exp.  2 :  4B  is  new,  certain.  I  cannot  remember 
what  was  there  before.    I  don't  think  I  could  recognize  A. 

Exp.  3.  (6A-4B)  :  6 A  looks  like  the  replaced  card,  but  I  am 
not  sure. 

Exp.  4.  (4A)  :  I  should  say  with  more  positiveness  that 
4A  is  what  was  there  originally.  The  feeling  of  recognition 
is  stronger  when  I  see  it  in  this  position.  There  is  a  synthesis 
of  the  feeling  of  familiarity. 

E :  +  ( — )  Exp.  2 :  3  B  is  new  100% 
sure.  I  have  not  the  faintest  idea  what  3  A 
was. 

Exp.  3 :  (i  A-3  B)  :  I  A  seems  new.  I 
have  not  seen  it  to-day. 

Exp.  4 :  (3  A)  :   Oh  yes,  3  A  is  the  card 

I  saw  on  the  first  exposure.     The  reason 

why  I  recognize  it  this  time  and  did  not 

when  you  had  it  in  position  i,  is  that  the 

cards  associate  themselves  in  their  respective 

positions,  so  that  the  whole  group  is  like  a  design  to  me.    Hence, 

when  you  put  A,  which  I  originally  saw  in  position  3,  into  position 

'.  it  looked  strange;  but  when  you  put  it  back  into  its  original 

-rositior  '"-  c#^om*»f}    n  fit  ir    md  I  got  the  feeling  of  familiarity 
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except  the  gaudy  ones,  or  those  that  are  distinctive,  such  as 

portraits. 

I :  +  ( — )  :  Exp.  2:36   is  new.     I  anr  certain.     I  cannot 

say  what  was  there  before. 

Exp.  3:  (i  A-3  B)  :  i  A  is  new.  I  remember  having  seen 
I  A  some  time  ago,  but  when  or  where  I  cannot  recall. 

Exp.  4 :  Now  it  is  all  right.  That  is  what  I  saw  on  the  first 
exposure.  It  did  not  strike  me  at  all  that  A  was  the  displaced 
card  when  I  saw  it  in  position  i,  i.e.  on  the  third  exposure. 
But  now  that  I  see  it  in  its  original  position  it  comes  back  to 
me  very  strongly. 

From  these  representative  cases  we  see  that  it  is  the  preserved 
arrangement  of  the  cards  which  often  facilitates  recognition. 
If  a  card  is  displaced,  it  appears  strange;  if  it  is  put  back  into 
its  original  place  it  looks  familiar.  In  short,  keeping  the 
arrangement  intact  strengthens  recognition.  Now  this  cannot 
be  explained  on  any  other  hypothesis  but  that  every  visual  com- 
plex sets  up  a  unified  brain  process;  and  if  that  same  brain 
process  is  reinstated  a  second  time  in  its  entirety  recognition 
will  occur,  if  not,  recognition  will  not  occur. 

What  is  true  of  the  group  as  a  whole  is  equally  true  of  the 
single  card.  If  there  is  no  similarity  whatever  between  the 
two  critical  cards,  then  the  perception  of  the  second,  setting  up 
a  totally  different  brain  process  from  that  of  the  first,  naturally 
destroys  all  memory  of  the  first.  To  be  sure  this  phenomenon 
does  not  happen  every  time.  According  to  our  figures  it 
occurred  in  39%  of  the  cases.  This  is  large  enough  a  per- 
centage, however,  to  justify  the  conclusion  that,  of  two  totally 
dissimilar  visual  impressions  successively  experiented,  the 
later  tends  to  inhibit  the  earlier.  I  say  justify,  because  only 
a  very  small  amount  of  similarity  is  required  to  produce  almost 
complete  recall.  In  these  experiments  substitutions  of  25%  S 
had  a  P.K.,  i.e.  recall  value  of  93%.® 

•For  th€  metaphysical  significance  of  these  facts,  see  my  article  on  The 
Fitness  of  the  Environment  for  the  Continuity  of  Consciousness,  Jout.  of 
Phil.  Psy,  and  Sc,  Meth,,  Vol.  XI,  No.  16. 
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Methods  of  Recognition 

The  method  of  recognition  varied  with  different  individuals 
as  well  as  with  different  cards.  But  objectively  it  was  deter- 
mined by  two  general  conditions.  Either  the  new  card  would 
be  recognized  as  new  because  it  lacked  something  that  was 
remembered  from  the  old  card;  or  else  it  would  be  recognized 
as  new  because  it  had  a  new  element  in  it.  Subjectively,  the 
recognition  of  the  new  card  arose  from  the  fact  that  either  it 
produced  a  jolt — a  shock  of  strangeness,  or  else  it  induced  a 
different  mood,  or  it  produced  a  different  kinaesthetic  feeling, 
or  it  did  not  fit  in  with  the  image  of  the  first  card.  If  there 
was  any  similarity  at  all  between  N  and  V,  the  sight  of  the 
latter  would  call  up  the  generalized  image  of  the  former.  Thus, 
if  N  were  the  picture  of  a  blue  bell  swinging  to  the  right  and 
V  the  picture  of  a  violet  bell  swinging  to  the  left,  the  sight 
of  V  would  revive  the  memory  idea  of  having  seen  a  bell 
before,  but  the  subject  would  not  be  able  to  say  whether  that 
bell  was  swinging  in  a  different  direction  or  was  differently 
colored. 

Certain  artifices  were  resorted  to  by  some  of  the  obseryers 
at  an  early  stage  of  the  investigation,  namely,  they  would  try 
to  select  earmarks — certain  distinguishing  features  from  each 
of  the  cards  presented  on  the  first  exposure,  and  carry  these 
in  memory  in  the  hope  that  if  a  substitution  were  made,  it 
would  lack  the  earmark.  But  they  soon  gave  up  in  despair, 
for  the  cards  contained  so  many  different  elements  that  the 
mere  task  of  deciding  which  one  should  be  chosen  for  retention 
was  bewildering.  And  so  they  fell  back  on  the  general  im- 
pression. Even  the  two  subjects  who  continued  to  the  end 
of  the  experiments  to  select  what  they  thought  were  earmarks, 
did  not  do  better  in  the  matter  of  correct  recognition  than  two 
or  three  others  who  relied  on  their  general  impression.  The 
reason  is  that  very  often  the  earmark  was  no  earmark  at  alL 
Was  it  a  word  that  they  picked  upon?  then  not  infrequently 
the  substituted  card  w^'^^H    ^rintain  that  same  word.     Was  it 
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that   same   monogram   would   be   found   in   the   corresponding 
comer  of  V. 

The  extent  to  which  the  process  of  recognition  investigated 
here  was  ideational  is  shown  by  the  amount  of  intellectualiza- 
tion  that  went  on  in  the  minds  of  the  observers  as  they  looked 
at  the  first  exposure:  Processes  of  association,  suggestion, 
pleasantness,  unpleasantness  were  set  up;  some  cards  impressed 
them  as  sentimental,  others  as  ludicrous,  some  were  neat,  others 
gaudy,  some  were  very  pretty,  others  decidedly  ugly.  In  short, 
a  distinct  and  unique  idea  was  induced  by  each  card,  so  much 
so  that  very  often  the  observer  would  actively  conceptualize 
the  cards  by  classifying  them  in  internal  speech.  That  is  to 
say,  the  content  of  the  card,  or  better  still,  the  impression 
produced  by  it  would  be  given  a  name,  a  label.  Is  there  any- 
thing that  can  be  more  representative  of  the  life  process?  The 
appearance  of  one  person  "strikes"  me  as  neat,  i.e.  causes  me 
to  attach  ideationally  the  label  of  neatness  to  him,  another 
person  strikes  me  as  careless;  one  as  intelligent,  another  as 
stupid;  one  as  having  a  firm  character,  another  as  a  rake. 

A  few  cases  of  introspection  will  bear  this  out. 

Se.  IV-192:  B:+'V  is  new,  100%  sure.  The  cupid  is 
turned  in  a  different  direction.  I  had  internal  speech  saying 
to  myself,  "Bridge,  wagon."  This  internal  speech  comes  with 
cards  that  are  easily  named.  With  other  cards  it  comes  only 
after  their  meaning  has  been  realized. 

E :  — :  No  change,  certain.  I  had  inner  speech  when  I  first 
looked  at  the  cards.  Thus  I  had  the  ideas — and  I  think  I  said 
to  myself,  "Heart  in  the  wheel-barrow,  water  wagon,  bridge 
over  the  Charles  River".  These  things  I  said  to  myself  more 
or  less  completely.  I  don't  think  I  had  any  articulation.  Inner 
speech  comes  only  when  my  attention  is  very  active.  Some- 
times the  inner  speech  returns  during  the  interval  when  the 
image  comes  up. 

Se.  VI-106:  J  + :  V  is  different.  It  has  a  different  form. 
I  am  cet^ain.  I  had  images  of  all.  When  I  first  looked  at 
the  cardi    {  had  the  ideas  "Negro,  engagement,  law-abiding," 
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tion.  In  general,  whenever  I  am  in  the  mood,  I  make  comments 
on  the  cards — or  rather  feel  myself  taking  an  active  part  in 
the  ideational  processes  they  set  up,  just  as  I  do  when  I  am 
out  in  the  street  sight-seeing. 

A:  ?:  I  take  into  account  the  concept  of  the  card,  i.e.  the 
story  it  tells,  not  merely  its  lines  and  colors  as  bare  lines  and 
colors.  A  change  of  ideas  is  very  potent  with  me.  I  recognize 
the  change  when  I  notice  that  the  new  card  tells  a  slightly 
different  story. 

But  whether  or  not  inner  speech  and  active  classification 
accompanied  the  act  of  perceiving,  the  impression  that  the 
observers  carried  away  with  them,  from  the  first  exposure,  was 
invariably  in  a  conceptualized  form. 

It  was  interesting  to  watch  the  conflict  between  the  feelings 
of  familiarity  and  strangeness  which  were  induced  by  the  same 
card.  Some  aspects  of  the  card,  the  observers  would  say,  look 
familiar,  others  strange.  At  such  times  some  of  the  subjects 
would  speculate  as  to  whether  the  new  element  was  simply 
the  result  of  completer  perception  than  was  possible  on  the 
first  exposure  or  whether  it  was  the  distinguishing  mark  of 
a  new  card.  The  kind  of  judgment  that  would  be  rendered  in 
such  cases  would  be  determined  by  the  relative  strengths  of  the 
two  feelings.    Thus  one  subject  says  for  Se.  XII-155. 

C  + :  V  is  new.  I  am  positive.  Some  parts  look  familiar, 
but  the  feeling  of  strangeness  I  get  from  it  is  strongest.  It 
occasionally  happens  that  a  new  element  crops  out  in  a  card, 
yet  I  do  not  say  the  card  is  new  for  that  reason  because  the 
other  elements  in  it  are  so  familiar  that  they  exclude  such  a 
judgment. 

On  the  other  hand,  we  have  such  cases  as  the  following: 

Se.  XII-234:  D  — :  On  the  first  exposure  I  read  the  words, 
"St.  Patrick's  Day",  on  the  card  in  the  upper  right  hand  corner. 
There  was  something  else  on  that  card,  but  I  could  not  make 
out  what  it  was  before  the  shutter  went  down.  Now,  on  the 
second  exposure,  I  see  that  the  words  on  the  card  (V)  ar< 
exactly  the  same,  but  I  al**-   >ee  that  it  b?>s  two  '•h'Mren  on  it 
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pletion  of  an  apperception  or  whether  it  is  a  new  card.  I  shall 
say,  however,  that  there  is  no  change. 

But  there  was  a  change.  The  two  cards  contained  exactly 
the  same  inscription  but  the  figures  were  entirely  different. 
Now  this  observer,  D,  was  one  of  those  who  relied  on  ear- 
marks for  recognition.  He  failed  in  this  case  because  the  ear- 
mark he  selected  was  no  earmark  at  all  inasmuch  as  it  was 
common  to  several  things. 

Sometimes  the  recognition  of  a  new  item  would  be  affected 
by  logical  inference.  Thus  a  subject  may  see  card  A  with 
phrase  B  on  it,  and  he  later  sees  exactly  the  same  card  with  a 
slightly  different  phrase,  say  one  word  altered.  Knowing  that 
the  two  phrases  may  function  equally  well  for  the  content  of 
A,  he  infers  that  the  latter  card  is  new. 

The  number  of  images  that  an  individual  carries  during  the 
interval  bears  no  relation  to  his  recognitive  ability.  Indeed, 
three  of  the  observers  would  make  no  endeavor  to  recall  images 
during  the  interval,  because,  as  they  said,  such  an  attempt 
always  caused  mental  confusion.  Or  sometimes  the  images  of 
two  or  three  items  from  as  many  different  cards  would  fuse 
into  one  complex.  These  observers  sat  in  a  passive  state  during 
the  interval.  Two  of  them  were  among  the  poorest  in  ability 
to  recognize,  while  the  third  was  among  the  best. 

Let  us  take  a  typical  case.  The  card  in  question  is  Se.  IX-235 ; 
its  similarity  is  75%.  The  standard  (N)  is  a  general  card 
with  the  phrase,  "Best  wishes"  written  on  top.  In  the  back- 
ground is  a  stately  farmer's  mansion.  A  hill  with  its  down- 
ward slope  to  the  bottom  of  the  card.  A  stream  of  water  runs 
down  the  slope.  In  the  foreground  stands  a  little  girl,  dressed 
in  white,  holding  a  bouquet  of  red  flowers  in  each  hand.  She 
faces  toward  the  right.  The  variable  is  the  same  as  the  stan- 
dard except  that  the  phrase  now  reads,  "Many  happy  returns 
of  the  day.'*  The  farmer's  house  is  of  a  different  type.  The 
child  is  now  dressed  in  red,  she  faces  slightly  to  the  left 
and  holds  two  bouquets  of  violets  in  her  hands. 

Here  is  how  some  of  the  subjects  reacted  to  the  substitution. 

A  -f-  :  I  think  the  child  in  3  A  was  in  a  different  position. 
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I  get  a  kinaesthetic  shock  from  this  card  (3B).  I  get  the 
same  sensation  as  when  one  first  thinks  of  the  right  hand  and 
then  of  the  left.  At  first,  attention  was  focussed  to  the  right, 
now  I  find  it  focussed  to  the  left  I  do  not  know  what  other 
differences  there  are,  though  I  had  images  of  all.  I  will  say 
3  B  is  new. 

C  + :  3  B  is  new,  certain.  I  had  three  images,  but  the 
moment  the  shutter  went  up  the  second  time  they  vanished, 
yet  the  sight  of  each  card  brought  its  image  back.  Also  the 
instant  I  saw  3  B  the  image  of  3  A  flashed  into  my  mind.  I 
notice  that  this  is  a  different  girl,  she  holds  different  flowers, 
and  stands  in  a  different  position. 

F  — :  No  change.  I  had  no  images.  I  tried  to  think  of  i 
and  2  during  the  interval  because  I  thought  one  of  them  would 
be  changed,  but  the  more  I  thought  of  them  the  more  con- 
fused they  became,  therefore  I  dropped  them  from  thought 
altogether. 

I  — :  No  change,  certain.  On  the  first  exposure  I  got  a 
general  impression  from  them.  During  the  interval  I  remem- 
bered with  regard  to  the  lower  left  card,  (3  A),  that  there 
was  a  child,  a  hill,  a  bunch  of  flowers — all  this  I  remembered 
in  a  general  way;  but  I  had  no  idea  of  color.  This  card  (3  B) 
fits  in  with  everything  I  remembered  from  the  first  exposure. 
Therefore  it  is  the  same. 

J  ±: :  It  seems  to  me  that  the  child  I  saw  there  before  held 
red  flowers  in  her  hands,  now  she  has  on  a  red  dress.  I  had 
the  idea  **red"  associated  with  the  child,  but  I  do  not  know 
whether  I  substituted  "flowers"  or  "dress"  or  what.  Therefore, 
I  am  only  50%  sure  of  a  change. 

That  the  function  of  the  image  in  recognition  is  only  second- 
ary, is  manifested  by  the  fact  that  the  subject  himself  often 
refuses  to  rely  on  it,  because  he  has  learned  by  introspection 
that  it  is  constantly  changing  during  the  interval.  Thus  one 
observer  says: 

"I  feel  more  certain  of  those  recognitions  which  I  make  O" 
^e  bp<5is   of  the   feeling    *^^.   ^Jimiliar'"^-^  than  of  those  whia 
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This,  I  think,  is  due  to  the  fact  that  the  images  tend  to  become 
confused  in  my  mind.  Also  they  cause  the  attention  to  fluctuate 
and  this  fluctuation  mixes  up  the  details." 

Another  observer  declares  on  the  same  occasion:  "This 
flower-pot,  (in  B),  looks  a  little  larger  than  the  one  I  saw  be- 
fore, (in  A).  But  I  do  not  know  whether  it  really  is  larger 
or  not.  It  may  be  an  illusion  because  I  know  that  sometimes 
my  images  grow  during  the  interval  and  take  on  new  features." 

Thus  to  rely  on  mental  imagery  is  not  altogether  a  safe  road 
to  correct  recognition.  Nevertheless,  the  sight  of  the  variable 
card  woula  frequently  call  up  the  image  of  the  normal,  and 
then  it  was  that  the  difference  between  the  two — between  the 
impression  and  the  image — would  fortify  the  judgment  of 
recognition.  But  as  this  would  happen  only  with  a  few  sub- 
jects, it  shows  once  more  that  the  process  of  recognition  is 
not  wholly   a  comparison  of  two  mental  contents. 

Compare  these  cases: 

F :  When  I  first  saw  V  there  was  a  sense  of  hesitation.  Then 
the  image  of  N  came;  I  compared  the  present  perception  with 
the  image  and  at  once  recognized  the  difference.  All  doubt 
vanished. 

D:  In  this  case  the  sight  of  V  called  up  the  image  of  N,  I 
compared  the  two  mental  states  and  saw  that  they  were  dif- 
ferent. But  I  get  no  difference  of  feeling  on  seeing  a  card 
of  which  I  had  an  image  and  one  of  which  I  had  none.  The 
primary  feeling  of  familiarity  is  the  same.  When,  however, 
I  see  a  card  of  which  I  had  no  image  and  the  image  "pops" 
up  suddenly,   then   I   become  more   certain  of   my   judgment. 

There  were  several  states  of  affairs  with  regard  to  imagery: 
Either  all  the  cards  from  the  first  exposure  were  carried  in 
distinct  verbal  images;  or  all  the  images  were  distinctly  visual 
with  no  verbal  supplementation;  or  again,  some  of  them  were 
distinct  and  others  vague ;  or  all  of  them  vague ;  or  they  formed 
a  composite  image ;  or  else  a  few  verbal  images — such  as  a  word 
or  two  from  each  card,  were  carried ;  or  finally,  no  images  were 
carried  at  all. 

Some  ca   i«  w^  -^  r^nre  pQcil^    re^r^^nized  than  others — though 
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of  the  same  degree  of  similarity — ^because  they  were  distinctive 
or  individualistic.  That  is,  they  were  reproductions  of  famous 
paintings,  or  portraits,  or  of  things  that  were  especially  familiar 
to  some  of  the  observers.  The  reason  why  these  cards  were 
easy  to  recognize  is  that  they  made  a  strong  and  unique  im- 
pression on  the  first  exposure.  Where  such  individualistic  cards 
cannot  be  obtained  in  sufficient  numbers  to  make  up  the  setting 
as  well  as  the  critical  ones,  they  should  be  left  out  of  the 
experiment  altogether. 

Objective  Factors  that  Determine  Recognition 

A  change  of  position,  as  left  and  right,  up  and  down,  was 
the  most  easily  recognizable  factor.  But  recognizability  here 
depended  on  the  ratio  of  the  area  of  the  transferred  item  to 
the  total  area  of  the  picture  post-card.  The  average  size  of 
a  picture  post-card  is  5.5  x  3.5  inches.  Hence,  if  a  figure,  whose 
area  is  2x2  is  transferred  from  one  end  to  the  other  length- 
wise, it  will  be  recognized  more  readily  than  if  transferred 
from  one  side  to  the  other,  i.e.  breadthwise. 

Next  to  change  of  position  change  of  direction  was  most  easily 
recognizable,  especially  if  the  pictures  were  those  of  human 
beings.  And  here  recognizability  was  directly  proportionate 
to  the  number  of  degrees  through  which  the  variable  figure — 
face  or  body- — ^was  turned.  A  turn  of  45°  was  less  noticeable 
than  one  of  90^  and  that  less  than  one  of  180°.*® 

Of  colors,  red  seemed  to  make  the  strongest  impression,  i.e. 
the  replacement  of  one  red  figure  by  another,  slightly  different, 
was  easier  to  detect  than  the  displacement  of  a  blue  one  by 
another  or  a  pink  one  by  another,  other  things  being  equal. 
An  interesting  fact  was  the  following:  I  was  fortunate  to 
obtain  two  pairs  of  cards,  A-B  and  C-D,  which  differed  as 
follows:  The  central  figure  in  A-B  was  a  girl's  head  wearing 
a  blue  bonnet  against  a  gold  background;  in  A  the  face  was 
turned  to  the  left,  in  B  to  the  right.  The  central  figure  in 
C-D  was  the  same  girl's  head  weanne:  a  red  bonnet,  of  exacth 

*'*In  this  connection  see,  Dearbo'"",  '^     '     "^  ,  Rec^cTi' ion  '^"^oer.  '^hi^ 

five   ^* ^r^^'     ^eyr^     1^/*—      'Tq\      '^^ 
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the  same  pattern  as  in  A-B,  also  against  a  gold  background. 
And  in  C  the  face  was  turned  to  the  left,  in  D  to  the  right. 
This,  then,  was  all  the  difference  that  existed  between  the  two 
pairs  of  cards — namely,  in  the  color  of  the  hats.  My  first 
surprise  came  when  I  noticed  that  the  15  judges  gave  the 
first  pair  a  higher  rating  in  similarity  than  to  the  second  pair. 
The  ratio  was  9 : 8.  My  second  surprise  came  when  I  noticed 
that  the  laboratory  subjects  were  less  able  to  detect  the  dif- 
ference between  A-B  than  between  C-D.  Here,  then,  we  had 
objects  that  were  identical  in  form  and  content,  differing  only 
in  color;  and  the  red  color  helped  discrimination  more  readily 
than  the  blue.  It  may  be,  however,  that  the  red  color  formed 
a  stronger  contrast  to  the  rest  of  the  card  than  the  blue,  and 
for  that  reason  the  position  of  the  face — the  critical  part  of 
the  card — made  a  deeper  impression  in  the  one  pair  than  in 
the  other. 

Human  beings  are  more  distinguishable  in  various  attitudes 
than  animals,  other  things  being  equal;  and  the  sharper 
the  features  of  the  human  beings  the  deeper  the  impressions 
they  make.  In  general,  animate  objects  are  more  distig^ishable 
than  inanimate.  This  shows  that  recognition  is  not  dependent 
so  much  on  mere  sense  perception  and  memory  as  upon  the 
revival  of  mood  and  attitude.  Else  why  should  it  be  more  diffi- 
cult to  notice  that  a  house  formerly  turned  to  the  right  is  now 
turned  to  the  left  than  it  is  to  notice  the  same  kind  of  change 
with  a  human  figure?  Introspection  shows  that  new  states  of 
consciousness,  new  attitudes  were  aroused  by  the  latter  but  not 
by  the  former.  Thus,  if  a  girl's  face  is  turned  to  the  side  in 
one  instance  and  to  the  front  in  another,  the  observer  would 
make  some  such  comment  as  this :  "The  first  girl  did  not  pro- 
duce the  same  feeling  that  I  now  have.  She  seems  to  be 
coquetting  with  me;  at  first  she  turns  her  shoulder  to  me,  and 
now  she  stares  me  straight  in  the  face."  Or,  "she  had  a  more 
delicate  appearance  before  than  now,"  and  so  on. 

Errors  of  Recognition 

Owing  to  their  complexity  the  cards  did  not  afford  as  good 
means  for  the  analysis  of  the  errors  of  recognition  as  did  the 
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words.  We  could  not,  for  example,  tell  with  exactness  whether 
the  error  was  due  to  an  incomplete  perception  of  the  variable — 
an  error  of  "is",  or  to  the  obliteration  of  the  normal — an 
error  of  "was.""  By  far  the  majority  of  the  cases  point  to 
the  latter,  which  simply  means  that  the  sensory-motor  force 
was,  or  rather  is  stronger  than  the  ideo-motor  force. 

In  general,  the  mistakes  of  recognition  were  directly  due  to 
the  degree  of  similarity ;  and  that  means  that  the  elements  which 
the  observers  fixed  upon  for  discrimination  were  fotmd  in  suffi- 
cient proportion  in  the  variable  card  to  make  this  latter 
acceptable  for  the  normal.  This  is  the  fundamental  fact  of  our 
entire  investigation.  It  receives  further  proof  from  an  exam- 
ination of  the  definite  errors  themselves,  i.e.  discarding  the 
doubtful  judgments  and  payng  attention  to  the  wrong  ones 
only — those  marked  ( — )  in  our  tables — we  find  that  the  ratio 
of  these  to  the  total  judgments  increases  concomitantly  with 
each  degree  of  similarity.    The  following  table  shows  this. 

Table  34 

Per  cent  of  Absolutely  Wrong  Judgments 

%  S  =  o       25        35       45        55        65        75       8S        lOO 

%  (— )   =  2         7        12        15       21        34       53        78  2 

This  fact  stands  forth  regardless  of  any  other  elements  that 
may  enter  in.  The  reason  is  that  these  other  elements,  disturbing 
factors,  or  whatever  they  may  be,  would  distribute  themselves 
equally  over  the  entire  similarity  scale,  and  thus  leave  the  in- 
fluence of  each  degree  as  compared  with  every  other  one 
unhampered. 

The  disturbing  influences  mentioned  by  the  observers  were 
so  much  analogous  to  those  that  tentalize  the  human  mind  in 
daily  life  that  we  were  well  pleased  to  find  them  operating 
in  our  investigation,  for,  it  should  be  remembered,  that  we 
were  investigating  the  recognitive  process  under  conditions 
omparable  to  those  of  daily  life. 

'hus  1     vr  lid  sometimes   >Pop^"  tha    a  car^'  of  the  milieu 


>*.' 
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that  the  observer  would  have  his  attention  absorbed  by  the 
former  and  get  only  a  vague  impression  of  the  latter.  If  he 
then  mistook  V  for  N  or  felt  uncertain  whether  or  not  he  had 
seen  V  before,  he  had  no  one  to  blame  but  himself.  His  in- 
structions were  to  distribute  his  attention  equally,  and  if  he 
could  not  do  so  in  the  instance  just  cited,  he  would  very  probably 
still  less  be  able  to  do  so  in  real  life  imder  similar  conditions. 

Again,  the  variable  card  would  occasionally  be  mistaken  for 
the  normal  because  it  resembled  it  in  general  appearance, — it 
told  the  same  story.  Such  cards  were  disliked  by  the  observers 
because  they  had  no  distinctive  features.  They  had  meaning, 
to  be  sure,  but  they  meant  too  much  the  same  thing.  Such 
was  the  complaint.  But  here  again  we  have  a  condition  that 
is  duplicated  in  real  life.  Do  not  all  infants,  for  example, 
look  very  much  alike?  Yet  they  are  different.  To  the 
uninitiated  American  all  Asiatics  look  alike,  but  they  are  really 
as  distinct  from  one  another  as  Americans  are. 

A  fourth  source  of  error  was  that  of  over-confidence.  Some 
cards  would  appear  to  be  easy  to  grasp,  the  subject  would 
feel  that  they  could  not  be  displaced  without  his  recognizing 
the  change;  and  so  he  would  only  take  a  glance  at  them.  But 
here  again  he  was  mistaken  in  his  calculations,  as  most  of  us 
are  when  in  a  similar  frame  of  mind.  Very  often  such  a  card 
would  be  displaced  and  the  observer  would  fail  to  recognize 
the  change. 

The  final  source  of  error  resulted  from  the  impression  of 
familiarity  produced  by  the  whole  setting.  "I  have  a  feeling 
of  familiarity  for  the  group  as  a  whole,  and  therefore  I  don't 
think  any  were  changed,"  was  a  remark  frequently  made.  This 
led  me  to  investigate  the  influence  of  the  environment  on  recog- 
nition with  cards  as  I  did  with  words.  To  that  we  shall  now 
turn. 

Experiments  E 

The  Influence  of  Environment  on  Recognition 

The  probicF"  joncerni^f  'he  influence  ^^  =*'  ^Vonment  on 
recogniti'^'i  ^3     ilrpar*      .. r .1     a<-*»d     ^'  i**  i*^ 
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Will  an  object  be  more  readily  identified  if  seen  in  the  same 
setting  in  which  it  was  originally  experienced  than  if  observed 
in  a  new  setting?  Or  in  other  words,  does  the  feeling  of 
familiarity  or  strangeness,  as  the  case  may  be,  which  is  aroused 
by  the  general  environment  color  consciousness  to  such  a  degree 
as  to  make  a  new  element  appear  familiar  in  the  one  case  and  an 
old  element  appear  new  in  the  other ;  or  is  the  action  one  of  con- 
trast rather  than  fusion?  If  it  is  contrast,  then  the  exposure  of 
an  identical  element  in  a  new  environment  should  yield  more 
correct  recognitions  than  its  exposure  in  the  old  environment.  If 
it  is  fusion,  then  the  percentage  of  correct  recognitions  should 
be  lower  for  identical  objects  re-exposed  in  a  new  setting.  That 
is,  the  feeling  of  newness,  being  heightened,  should  swamp  the 
sense  of  identity  and  intensify  that  of  dissimilarity. 

Two  methods  for  investigating  this  problem  suggested  them- 
selves: either  we  could  employ  the  same  observers  as  in  the 
previous  experiments  and  new  material,  or  new  subjects  and 
the  same  material.  Since  the  results  of  this  set  of  experiments 
were  to  be  compared  with  those  of  the  previous  sets,  we  were 
anxious  to  keep  the  critical  conditions  as  uniform  as  possible. 
It  was  deemed  best  to  use  the  same  material  and  different 
subjects. 

Hence  the  series  I  made  use  of  in  this  case  were  Nos.  I,  II, 
IV,  and  IX,  whereby  I  exposed  4  cards  for  10  seconds,  5  cards 
for  10  seconds,  4  cards  for  7  seconds  and  5  cards  for  5  seconds. 
The  method  was  as  follows:  The  standard  card,  A  was  shown 
in  the  setting  within  which  it  had  been  exposed  in  the  previous 
sets  of  experiments;  then,  after  an  interval  of  20  seconds  the 
variable  card,  B,  was  exposed  in  a  totally  different  milieu  but 
occupying  the  same  position.  The  similarity  between  A  and  B 
varied  from  o  to  100%.  In  the  case  of  0%  S,  the  second  ex- 
posure would  contain  nothing  whatever  that  bore  the  slightest 
rp«;emblance  to  anything  in  the  first  exposure. 

The  same  apparatus  was  used.  My  observers  were  the  same 
mes  who  participated  in  the  word  experiment.*^     They  were 

^•**<*ad^      :ritr»*»w|ip4.  p^'iisfPr      r    ^Vif      PSr        D"^    ^O      iak€     'HO'"'*  PU^'*-, 
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they  were  given  a  week's  practice.     They  came  to  me  once  a 
week,   each  at  an  appointed  hour  and   day. 

The  instructions  given  to  them  were  practically  the  same  as 
those  reproduced  on  page  35 ;  only  here  they  were  told  that 
on  the  second  exposure  there  would  exist  one  of  three  possi- 
bilities ;  either  all  the  cards  would  be  totally  different  from  those 
of  the  first  exposure,  or  one  of  them  would  be  similar  or  identical 
to  one  in  the  first  exposure. 

I  began  with  Series  I — 4  cards  exposed  for  10  seconds — ^and 
after  that  I  turned  to  Series  II.  The  next  two  series  were  ex- 
posed together.  Obviously  I  was  doing  an  injury  to  my  theory 
which  says  that  recognitive  ability  varies  inversely  as  length 
of  series  and  directly  as  length  of  exposure,  for  I  was  introduc- 
ing the  element  of  practice-improvement  into  the  very  series 
where  I  expected  the  theory  to  be  substantiated,  by  putting  them 
off  to  the  last.  But  it  seems  to  me  that  this  is  the  only  scientific 
way  of  procedure.  For  if  I  obtain  low  results  with  the  shorter 
exposure-time,  as  I  should,  then  they  would  have  all  the  more 
value,  for  it  would  indicate  that  despite  practice-improvement, 
the  subjects  are  less  able  to  recognize  a  substitution  in  a  5- 
second  exposure  than  in  a  7-second  one. 

The  results  of  this  set  of  experiments  are  g^ven  in  the 
following  tables. 

Comparative    Per    Cent   Correct   Recognition   when   Variable  Card    (B)    is 
Shown  in  New  and  Old  Environment  (N.E.  and  O.E.)  Respectively. 
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Series  IX :    5  Cards  Exposed  5 
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\t  first  sight  it  would  appear  that  these  tables  present  con- 
radictory  results.  For  we  notice  that  those  cards  whose  value 
J  less  than  100%  S  are  discriminated  more  often  in  the  nefw 
-etting  than  in  the  old,  whereas  the  cards  of  100%  S  are  identi- 
ied  less  often  in  the  new  environment  than  in  the  old.  Accordiiig 
t     Vie  firct  f ?rt    t  would  scem  that  the  p'^w  milieu  sHarpcp* 
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that  of  identification.  But  that  is  not  so.  Instead  of  being 
contradictory  the  results  are  supplementary. 

The  first  important  fact  that  stands  out  before  us  is  this, 
namely,  it  is  more  difficult  to  identify  the  same  thing  in  a  new 
environment  than  in  the  old.  The  falling  off  in  recognitive 
ability  is  16,  9,  2y  and  37  per  cent  respectively  in  each  of  the 
four  series  employed.  Hence  it  follows  that  the  feelings  of 
familiarity  and  strangeness  do  not  enhance  each  other  by  con- 
trast. For  suppose  they  did.  Then  not  only  ought  more  identi- 
fications to  be  made  in  the  new  milieu  when  an  identical  item 
is  repeated,  but  more  items  whose  similarity  is  greater  than 
50%  ought  to  be  falsely  recognized  in  the  new  setting  than  in 
the  old.  The  reason  is  that  in  proportion  as  the  similarity  in- 
creases it  should  be  enhanced  by  the  surrounding  field  of  new- 
ness and  thus  precipitate  the  judgment  of  "the  same."  But 
just  the  opposite  is  true;  cards  whose  similarity  varies  between 
50  and  100%  S  are  less  often  mistaken  for  each  other  in  the 
new  environment  than  in  the  old. 

There  are,  therefore,  only  two  possible  ways  of  accounting 
for  this  phenomenon,  (i)  Either  the  mass  of  new  material, 
flooding  consciousness,  obliterates  all  memory  of  past  percep- 
tions and  thus  precipitates  indiscriminately  the  judgment  "new," 
whether  anything  is  new  or  not;  or  (2)  the  feeling  of  strange- 
ness produced  by  the  new  environment  predisposes  the  mind  to 
judgments  of  difference  on  the  principle  of  suggestibility,  said 
predisposition  varying  drectly  as  the  mass  of  the  new  field  and 
inversely  as  the  intensity  of  the  repeated  item. 

The  first  theory  seems  to  find  substantiation  in  the  fact  that 
the  per  cent  perfect  knowledge  ( %  P.  K. )  is  smaller  when  the 
environment  is  new  than  when  it  is  old.  That  is  to  say,  after 
seeing  the  variable  card  in  the  new  setting  and  rating  their 
judgments  of  change  at  a  100%  certainty,  the  subjects  were 
not  able  to  state  what  the  corresponding  normal  was  as  often 
as  when  they  saw  the  same  variable  in  the  old  setting.  The 
only  explanation  for  this  is  that  the  perception  of  a  mass  of 
new  material  obliterates  the  memory  of  the  old — just  as  we 
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If  this  were  the  correct  explanation,  however,  then  there  is 
no  reason  why  C  should  vary  inversely  as  S  when  the  environ- 
ment is  new  as  well  as  when  it  is  repeated.  For  the  new  field 
that  surrounds  a  card  of  72%  S,  let  us  say,  is  just  as  large 
for  any  given  series,  as  that  which  surrounds  a  card  of  35%  S, 
therefore  obliteration  in  one  case  ought  to  be  as  complete  as 
in  the  other.  Hence  if  C  depended  on  obliteration  alone  it 
ought  to  have  the  same  value  in  both  cases. 

But  it  has  not  the  same  value  for  all  degrees  of  S.  On  the 
contrary,  C  varies  in  a  uniform  manner  inversely  as  S.  More- 
over, it  varies  as  E  (environment).  Therefore,  other  things 
being  equal,  we  are  justified  in  saying  that  C  is  a  function  of 
two  variables :  S  and  E.  But  are  we  not  plunging  into  a  diffi- 
culty here?  It  is  our  desire  to  establish  a  definite  relation  be- 
tween C  and  S  alone,  and  heretofore  we  have  treated  these 
factors  conjointly  as  if  no  third  one  existed;  and  now  when 
S  appears  in  a  new  environment  we  are  trying  to  say  that  the 
environment  functions  also.  Admitting  that  N.  E.  tends  to 
inhibit  identification  by  predisposing  the  mind  to  say  "change" ; 
does  not  O.E.  tend  to  inhibit  discrimination  in  a  similar  manner 
by  predisposing  the  mind  to  say  "the  same?"  If  so,  then  all 
the  relations  that  we  have  thus  far  established  between  C  and 
S  are  invalid  because  the  old  environment  (O.E.)  ftmctioned 
all  the  time. 

To  allay  these  misgivings  it  is  only  necessary  to  say  that 
this  factor  (O.E.)  has  already  been  taken  care  of  by  the  first 
part  of  our  Correction  Formula.  (loo-S)  Y  =  K'.  That  is  to 
say,  the  extent  to  which  the  old  environment  has  a  tendency 
to  precipitate  the  judgment  of  "the  same,"  or  to  inhibit  dis- 
crimination between  two  unUke  things  is  directly  proportionate 
to  the  number  of  false  judgments  made  for  0%  S  substitutions 
in  O.E.,  and  this  value  if  2%,  (Table  34).  Therefore,  O.E.  = 
.02,  or  it  is  almost  negligible. 

Every  time  we  made  use  of  the  correction  Formula  we  to6k 
into  account  the  influence  of  O.E.  Hence  we  are  justified 
ilso  in  trying  to  determine  the  value  of  N.K    Now  it  happens 
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O.E.  is  much  less  than  when  100%  S  is  substituted  in  N.E. 
Does  that  mean  that  two  totally  dissimilar  cards  are  much  more 
unlike  than  two  identical  cards  are  identical?  Such  a  thing 
is  possible,  i.e.  two  dissimlar  cards  may  have  not  zero  similarity 
but  minus  zero  similarity,  whereas  two  identical  cards  can  never 
have  more  than  absolute  identity.  I  do  not  think,  however, 
that  this  argument  affects  the  results.  Because  in  so  far  as  I 
selected  my  material  from  the  same  universe  of  discourse — 
picture  post-cards — ^my  fifteen  judges  had  a  right  to  rate  all 
cards  that  had  no  resemblance  in  them  at  0%  S.  Therefore, 
since  the  old  environment  did  not  cause  as  many  mistakes  to 
be  made  with  0%  S  substitutions  or  even  with  35%  S  sub- 
stitutions as  the  new  environment  causes  with  substitutions  of 
100%  S,  we  are  justified  in  concluding  that  O.E.  has  not  as 
great  a  tendency  to  predispose  the  mind  to  judgments  of 
"the  same'*  as  N.E.  has  to  predispose  the  mind  to  judgments  of 
"different." 

What  is  the  value  of  N.E?  To  determine  that  we  simply 
have  to  note  the  extent  to  which  it  causes  the  identical  item 
to  escape  detection  minus  the  amount  of  the  same  kind  of  error 
which  occurs  in  O.E.  This  difference,  as  g^ven  by  the  four 
preceding  tables  is  16%,  9%,  27%  and  37%,  the  average  of 
which  is  24%.  Therefore,  N.  E.  =  .24.  That  is  to  say,  the 
tendency  of  a  new  environment  to  cause  an  identical  thing  to 
escape  detection  is  12  times  as  strong  as  is  the  tendency  of  a 
repeated  setting  to  cause  a  totally  dissimilar  thing  to  be  falsely 
recognized.  Hence  it  appears  that  the  feelings  of  familiarity 
and  strangeness  tend  to  neutralize  each  other  by  fusion,  that 
one  giving  the  central  tendency  to  thought  which  is  induced 
by  the  strongest  stimulus. 

This  is  not  all,  however.  The  fundamental  problem  that 
confronts  us  at  this  point  is  to  find  the  relative  values  of  O.E. 
and  N.  E.  with  respect  to  the  identification  of  cards  of  100%  S. 
This  is  the  only  way  we  can  establish  an  independent  relation 
between  C  and  S. 

In  the  four  series  under  consideration  an  average  of  5  per 
cent  e**'"0'"  ornyrrt^r    vhen  ''11   c  iHe"<^'''al  '^'^^dr  we^e  repeated. 
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but  it  rose  to  an  average  of  27  per  cent  when  only  i  card  was 
repeated  in  a  setting  of  4  new  ones.^*  The  probable  per  cent 
of  error  that  fell  to  the  lot  of  any  one  particular  card  in  the 
former  case  is  5%  x  >$  =  1%.  Subtracting  this  from  the  latter 
result  in  order  to  neutralize  the  precipitent  tendency  to  say 
"change,"  leaves  26%  as  the  amount  of  error  due  directly  to 
the  influence  of  N.  E.  Therefore,  tmder  the  conditions  of  our 
experiment,  the  probability  that  a  thing  will  be  recognized  when 
seen  in  the  same  environment  is  ^  ,  whereas  the  probability 
that  it  will  be  recognized  when  observed  in  a  new  setting  is 

These  figures  harmonize  so  well  with  those  obtained  in  the 
experiment  with  words  that  they  must  stand  for  fact  and  nothing 
else.^* 

And  now  let  us  see  if  we  can  account  for  the  fact  that  dis- 
crimination appears  to  be  easier  in  the  new  setting  than  in 
the  old. 

The  figures  given  in  the  second  horizontal  line  of  the  summary 
table,  (page  109),  represents  the  judgments  of  "change"  or 
"all  new."  Now,  as  a  matter  of  fact,  all  cards  were  changed 
objectively  in  every  instance  except  where  S  =  100%.  And 
though  the  observers  were  able  to  point  out  the  similar  card 
in  the  new  environment,  they  were  not  able  to  state  in  more 
than  75  per  cent  of  the  cases  how  it  differed  from  its  anal(^;ue. 
Therefore,  inasmuch  as  the  new  setting  caused  the  subjects 
to  declare  in  27  per  cent  of  the  cases  that  all  cards  were  new 
when  one  identical  card  was  repeated,  it  must  also  have  caused 
them  to  make  the  same  kind  of  a  judgment  when  a  card  of 
less  than  100%  S  was  substituted  irrespective  of  whetlier  they 
perceived  the  difference  between  this  card  and  its  ^x\sXog}Xt  or 
not.  Only  we  must  not  assume  that  the  tendency  was  just  as 
2rreat  with  each  diminishing  degree  of  similarity.  For  certainly 
^nen  ^  card  of  6$%^  s  subst5^^'*^**H  the  amoMnt  of  difference 
'ifViij     f   "011V    lavf        '^r'l^nC'         ^s  'y^^x         *liri*"  ♦fii^  iudfif* 
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ment  "change,"  and  likewise  when  a  card  of  only  25%  S  is 
substituted  it  would  have  a  still  greater  tendency  of  its  own 
to  elicit  a  judgment  of  difference.  And  so  in  general  we  may 
say  that  in  proportion  as  S  recedes  from  100%  in  that  pro- 
portion does  the  influence  of  the  environment  proper  diminish. 
This  is  the  fundamental  principle  upon  which  the  correction 
formula  was  constructed.  It  was  explained,  (pp.  36-39)  that, 
inasmuch  as  there  seems  to  be  a  simple  inverse  relation  between 
recognitive  ability  and  degree  of  similarity,  the  tendency  of 
the  setting  to  precipitate  a  judgment  of  identity  with  respect  to 
a  thing  that  is  different  is  ( lOO-S)  Y,  which  value  should  be  added 
to  the  %  C  corresponding  to  the  S  in  the  expression;  whereas 
the  tendency  to  say  "change"  when  no  change  exists  is  SX.  ^, 
which  value  should  be  subtracted  from  %  C. 

Now  this  latter  is  the  factor  that  has  to  be  employed  in  the 
present  case,  inasmuch  as  the  only  apparent  error  is  that  made 
with  respect  to  identical  cards.  Only  here  A/B  =  i  because 
only  one  card  was  repeated,  i.e.  the  error  of  279^  was  made 
with  respect  to  one  card.  If  now  we  multiply  each  value  of 
C  in  N.  E.  by  the  formula  0.27  x  S,  (since  X  =  .27),  and  sub- 
tract the  product  from  the  original  value,  we  shall  obtain  almost 
exactly  the  same  values  that  C  possesses  in  O.  E.  Thus  we 
derive  an  independent  relation  between  C  and  S,  and  incidentally 
prove  that  the  old  environment  does  not  tend  to  produce  false 
recognitions  to  the  same  extent  that  the  new  environment  tends 
to  produce  false  discriminations. 

The  following  table  contains  the  corrected  results  for  recog- 
nition in  the  new  as  compared  with  the  repeated  setting.  ^*^ 

Table  39 

Ccwnparative  Per  Cent  Correct  Recognition  when  Cards  of  the  Same  Degree 
of  Similarity  were  Substituted  in  New  and  Old  QEnvironments. 

%S                                       0  2S  35  45  55  65  75  85    100 

%  C   in   N.E 100  93  91  Sz  77  62  55  21      72 

%    C  in   O.E 98  90  85  79  74  61  56  17      99 

%C(N  — 0)E 2  3  6  4  3  I  —I  4—27 

"•For  the  practical  application  of  these  results,  see  article  by  the  author 
on  The  Influence  of  Envir'^*'»"ent  on  the  Identification  of  Persons  and 
Thin^    To"*"    "^  ■^riminoi  T  ..  ^    .nr    "--minolocv,  Vo'    V.   ^r\,  i. 


no  GU  STAVE  A.  FEIN  GOLD 

The  different  values  of  C  corresponding  to  the  same  %  S 
are  so  close  to  each  other  that  they  prove  conclusively  that  the 
corrected  relations  established  between  C  and  S  in  O.  E.  are 
independent  of  the  setting.  The  average  difference  between 
%  C  in  N.  E.  and  %  C  in  O.E.  for  values  of  S  that  are  greater 
than  O  and  less  than  ioo%  is  3.  This  may  be  interpreted  as 
meaning  either  that  N.  E.  facilitates  discrimination  to  that  ex- 
tent or  that  O.E.  inhibits  discrimination  by  that  much.  But 
since  we  find  directly  that  the  average  per  cent  of  false  recog- 
nitions due  to  O.E.  is  2  per  cent  when  substitutions  of  0%  S 
are  made,  it  would  seem  that  the  latter  interpretation  is  the 
correct  one. 

I  must  caution  the  reader  once  more  not  to  assume  that  the 
difference  in  ability  to  recognize  an  identical  item  in  the  two 
sorts  of  environments  is  due  to  retardation  of  perception 
occasioned  by  the  new  setting.  No  such  retardation  occurs.  In- 
trospection shows  univocally  that  the  new  surrounding  is  recog- 
nized as  new  instantly;  that  the  cards  which  compose  it  receive 
the  barest  glance  and  are  immediately  dismissed  from  con- 
sciousness.^® Hence  more  time,  if  anything,  is  afforded  to  the 
observer  to  dwell  on  the  critical  card  and  to  determine  whether 
it  is  only  similar  to  or  identical  with  something  he  had  seen 
in  the  first  exposure. 

Thus  one  subject  says :  "When  all  cards  but  one  are  changed, 
I  readily  eliminate  the  new  ones  and  spend  more  time  on 
analysing  the  repeated  or  similar  one.  Whereas  if  all  cards 
but  one  are  the  same,  I  have  to  study  each  one  before  I  can 
determine  whether  it  is  identical  in  all  respects  with  what  I 
saw  in  its  place  before." 

And  again:  "The  cards  constituting  the  environment  do  not 
give  me  any  shock.  The  more  different  they  are  from  those  I 
saw  in  the  first  exposure,  the  less  effect  do  they  have  on  me. 
I  'slide'  right  over  them  before  they  rise  to  the  center  of 
consciousness.  But  the  more  similar  a  card  is  to  one  previously 
•  *en  the  more  does  it  disturb  me.     I  have  tn  IqoI    ^w  it  udHT 

full"  determine  whetlipr  it  is  ne'"  or  nr»<-  " 
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Yet  it  must  be  acknowledged  that  not  all  observers  were  able 
to  say  definitely  whether  the  new  setting  did  in  itself  produce 
the  feeling  of  strangeness.  It  would  seem  that  the  acknowl- 
edgment of  such  a  state  would  be  necessary  in  order  to  sub- 
stantiate the  theory  of  fusion.  With  some  observers  a  decided 
consciousness  of  the  feeling  of  strangeness  comes  only  when 
they  see  a  similar  card.  Thus  subject  B  declares  on  one  occa- 
sion, "There  was  an  immediate  feeling  of  strangeness  produced 
by  the  variable  card,  but  not  by  the  others.  I  recognized  them 
as  new  instantly.  It  is  only  when  I  am  doubtful  that  the  feel- 
ing of  strangeness  or  familiarity  makes  itself  felt."  Neverthe- 
less, we  may  conclude  that  inability  to  recognize  an  identical 
object  in  a  new  environment  is  due  to  the  suggestible  influence 
of  newness  or  strangeness  arising  from  such  environment. 

So  much  for  the  results  that  pertain  to  the  material.  Let 
us  now  turn  to  those  that  concern  the  observers. 

IndividtuU  Differences 

When  we  come  to  examine  individual  differences  we  find 
that  they  are  larger  in  the  methods  or  devices  employed  in 
recognition  than  in  the  actual  results  themselves.  Some  ob- 
servers thought  they  did  best  when  they  actively  clung  to  their 
images  during  the  interval — ^they  are  C.  G  and  J.  Others  felt 
that  the  mere  endeavor  to  retain  the  images  produced  mental 
confusion,  so  they  remained  passive  during  the  interval — they 
are  A.  B.  F  and  I.  Again,  some  tried  to  select  an  essential 
element  from  each  card  and  use  it  as  an  earmark — ^they  are 
D,  G,  A;  while  others  merely  tried  to  get  a  general  impression 
of  the  entire  card — ^they  were  B,  F,  I,  H  and  J.  Some  would 
go  over  all  the  cards  rapidly,  thus  getting  several  hasty  im- 
pressions from  each;  others  would  first  obtain  a  general  im- 
pression from  the  whole  group  then  strutinize  each  card 
carefully;  others  still  would  first  examine  each  card  carefully 
and  then,  if  there  was  any  time  left,  get  a  general  impression 
of  the  entire  group. 

When  we  examine  our  subjects  with  respect  to  their  accom- 
plishments, we  find  that  they  fall  into  three  general  classes. 
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(i)  Those  that  are  determined  in  their  judgments — ^not  given 
to  much  doubt.  They  are  above  the  average  in  accuracy,  but 
no  better  than  the  average  in  inaccuracy.  (2)  Those  who  are 
subject  to  doubt  and  hesitation — ^their  errors  are  below  the 
average  while  their  accuracy  is  the  same  as  that  of  the  former 
group.  (3)  Finally,  those  whose  accuracy  is  below  the  average, 
whereas  their  doubt  and  inaccuracy  are  above  the  average. 
The  following  table  contains  the  per  cent  of  accurate  (+), 
doubtful  (it)  and  false  ( — )  recognitions  made  by  each  of 
the  ten  observers  who  participated  in  Experiments  A  to  D 
inclusive. 
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6.1 

That  two  of  the  observers,  H  and  I,  vary  so  much  from  the 
others  is  to  be  accounted  for  by  racial  differences  and  early 
training.  Though  not  of  the  same  race,  their  early  bringing- 
up  was  such  as  to  render  them  unacquainted  with  the  sentiments 
and  ideas  expressed  in  many  picture  post-cards.  Such  cards, 
therefore,  did  not  have  the  same  meaning  to  them — ^hence  not 
the  same  apperceptive  values — as  to  the  other  eight  observers 
who  were  all  Americans. 

It  is  significant  that  the  average  per  cent  correct  recognition 
which  I  obtained,  58%,  is  remarkably  close  to  what  Katzaroff 
got  with  totally  different  material  and  by  a  different  method 
of  experimentation.  His  value  was  50%.^"^  This  is  lower  than 
my  average,  but  that  is  probably  because  his  material  was  less 
meaningful,  and  Hollingworth  has  shown  that  the  recognition 
of  an  object  varies  directly  as  its  meaning.*® 

There  appear  to  be  no  differences  due  to  sex. 

"  Op.  ctt.,  p.  34. 
"O/).  ctt. 


EXPERIMENTS  WITH  PICTURE  POST-CARDS  113 

Conclusions 

If  we  bring  our  main  results  together  we  arrive  at  the 
following  conclusions: 

(i)  Recognitive  ability  varies  inversely  as  degree  of 
similarity. 

(2)  When  objects  of  approximately  the  same  complexity 
as  ordinary  picture  post-cards  are  exposed  in  groups  varying 
between  3  and  6  at  the  rate  of  i  per  second,  the  inverse  relation 
between  recognitive  ability  and  degree  of  similarity,  expressed 
in  percentage,  is  as  x:  (loo-x). 

(3)  The  same  relation  holds  for  words  of  two  or  three 
syllables  exposed  in  groups  varying  between  6  and  8  at  the  rate 
of  I  per  J^  sec. 

(4)  With  such  objects  as  picture  post-cards  the  relation  be- 
tween the  number  of  objects  exposed  and  length  of  exposure, 
in  terms  of  seconds,  is  as  i:(i-)-j4' — x),  where  x  <  ^ 
seconds. 

(5)  The  objects  must  reach  at  least  25  per  cent  similarity 
before  they  can  have  a  confusing  effect  on  the  process  of 
recognition. 

(6)  The  process  of  recognition  is  affective  and  is  independent 
of  cognition. 

(7)  The  feelings  of  familiarity  and  strangeness  inhibit  each 
other  by  fusion. 

(8)  It  is  more  difficult  to  recognize  an  identical  object  in  a 
totally  different  setting  from  the  one  in  which  it  was  originally 
seen  than  in  the  same  setting,  the  ratio  of  difficulty  being  about 
as  27: 1. 

(9)  It  is  more  difficult  to  recognize  an  identical  item  in  a 
new  setting  than  a  totally  different  item  in  the  setting  previously 
experienced,  the  ratio  of  difficulty  being  about  as  12  :  i. 

(10)  Recognitive  ability  varies  inversely  as  the  number  of 
objects  perceived — ^time  being  constant. 

(11)  Recognitive  ability  varies  inversely  as  the  number  of 
object?  PYT^c^ri  *iT^-*.  s*»i*nor  oroportionat*^  pnc  "ot  more  than 
one  ^*  '"'       -n-    ^^f'^v 
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(12)  Recognitive  ability  varies  directly  as  the  temporal  length 
of  perception. 

(13)  Some  of  the  errors  of  recognition  are  due  to  the  in- 
complete perception  of  the  object  when  first  experienced. 

(14)  Some  cases  of  false  recognition  are  due  to  the  incomplete 
perception  of  the  mistaken  object,  owing  to  the  superiority  of 
the  ideo-motor  force  over  the  sensory-motor  force. 

(15)  But  most  cases  of  false  recognition  are  due  to  the 
obliteration  from  memory  of  the  original  impression  by  the 
present  perception,  and  this  is  due  to  the  superiority  of  the 
sensory-motor  force  over  the  ideo-motor  force. 


PART  IV 
The  Application  of  the  Laws  of  Recognition 

As  a  result  of  our  investigation  we  have  come  to  the  con- 
clusion that  two  such  words  as  "Camphenol"  and  "Camphenyl" 
for  example,  which  stand  for  two  absolutely  different  proprietory 
medicines,  have  a  psychophysical  similarity  of  80  per  cent.  We 
found  that  such  similarity  will  produce  approximately  80  per 
cent  confusion  in  discrimination  as  compared  with  the  ability 
to  discriminate  words  of  less  than  20%  S  and  to  recognize 
words  of  100%  S.  It  is  hardly  necessary  for  us  to  state  under 
what  conditions  this  holds  true.  It  should  be  understood,  once 
and  for  all,  that  we  mean  under  conditions  comparable  to  those 
that  obtain  in  daily  life.  When  the  chemist  says  that  ammonium 
hydroxide  will  precipitate  iron,  it  is  understood  that  he  means 
under  ordinary  temperature  and  pressure  and  out  of  a  neutral 
solution.  So  here,  too.  After  careful  investigation  we  have 
found,  for  instance,  that  words  which  have  a  certain  number 
of  symmetrically  arranged  letters  in  common  possess  thereby  a 
definite  amount  of  similarity.  It  has  been  found  that  it  is  most 
convenient  to  measure  this  similarity  in  terms  of  the  mathe- 
matical ratio  that  the  number  of  commonly  possessed,  symmetri- 
cally arranged  letters  bear  to  the  total  number  of  letters. 

Finally,  it  has  been  found  that  similarity  and  discrimination 
stand  in  the  same  relation  as  the  reciprocals  of  their  per  cent. 

Let  us  now  see  how  these  facts  can  help  us  in  the  solution  of 
a  practical  problem. 

As  I  write  these  lines  I  have  before  me  the  abstract  of  a 
report  delivered  in  1911  by  C.  A.  Mayo,  Esq.,  before  the  Ameri- 
can Pharmaceutical  Association  on  Pharmaceutical  Nomenclature. 
Referring  to  the  confusion  which  frequently  arises  with  dis- 
astrous results  from  the  similarity  of  drug  names,  he  says: 

In  Richmond,  Va.  ...  a  death  occurred  from  the  dispensing 
of  "lysoi"  ''p<iteaH    ^     'Vavnl  "     Ir    ^o^^e*^*^'^o^t  damages  were 
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recovered  from  a  druggist  who  sold  "calomel"  when  "columba" 
was  ordered.  In  Germany  a  fatal  accident  was  reported  in 
1908  from  dispensing  a  solution  of  "chlorinated  lime"  when 
"calum  chloride"  was  called  for,  and  in  Russia  a  child  was 
killed  through  dispensing  "saccharin"  when  "saccharum"  was 
ordered.  "The  occurrence  of  these  cases  which  have  reached 
the  public  notice,"  says  the  author,  "indicates  the  probability 
that  many  such  incidents  occur  which  never  become  public 
That  such  incidents  do  occur  with  increasing  frequency  is  a 
matter  of  common  knowledge  among  druggists  everywhere"^ 
The  report  contains  a  rich  list  of  names  of  high  similarity, 
representing  different  proprietory  medicines,  drugs  and  chemi- 
cals.    We  select  only  a  few  for  illustrative  purposes. 

(i)  Acetin  (6)  Analgesin  (11)  Benzine  (16)  Cerd)ine 

(2)  Aceton  (7)  Analgine  (12)  Benzene  (17)  Ccrebcne 

(3)  Acetone  (8)  Apinol  (13)  Benzoin  (18)  Cerberin 

(4)  Alcotine  (9)  Apetol  (14)  Camphen  (19)  Cerberine 

(5)  Alcotone  (10)  Apicol  (15)  Camohene 

This  is  enough.  Now  what  confusion  is  apt  to  arise  from 
such  a  babel  of  names  as  these?  Let  no  one  say  that  the  results 
of  our  investigation  cannot  be  applied  to  the  above  case,  be- 
cause druggists,  being  supposed  to  have  a  first  rate  acquaint- 
ance with  such  names  as  the  foregoing,  would  not  be  confused 
half  as  often  as  the  layman  may  think.  To  such  argument  we 
reply  that  we  were  aware  of  this  fact  only  too  well,  and  for 
that  reason  we  did  not  use  technical  or  difficult  words  on  our 
subjects,  but  on  the  contrary,  words  that  were  as  familiar  to 
them  as  the  above  names  are  to  the  average  druggist. 

Nor  should  it  be  assumed  that  because  the  druggist  knows 
the  danger  which  is  apt  to  result  from  confusing  one  name 
with  another,  he  will  therefore  be  more  careful  and  will  make 
'-»cp  rniQtakes  than  one  would  infer  from  my  tables.  To  this 
siiguii*^,*it  we  need  only  answer  that  it  is  as  criminal  to  ta> 
the  mind  with  unnecessary  burdens  as  the  body.    The  fact  that 

•Vi-    «nf  'np'^f     rnoTvs  his  t    »^*^   ''^^^     ^    ^r^olroH   ^^     t^  TVLTiS  paSt  f 
i>,.-^^      ..o..^       «.ll  not  ^»  •<■•      •     *^'*     '•--      ■'-i^'  T  ^^  is  iV  ^^ 
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ranged  or  if  he  is  color  blind.  But  the  cases  cited  by  Mr.  Mayo, 
himself  a  member  of  the  drug  profession,  constitute  a  sufficient 
answer  to  such  objections.  If  we  examine  the  mathematical 
similarity  of  several  of  the  above  named  words,  we  find  that 
they  possess  the  following  values:  (1-2)  =80%  S,  (2-3)  = 
85%  S,  (4-5)  =87%  S,  (18-19)  =94%  S.  The  probable 
mistakes  in  recognition  that  would  result  from  these  words  among 
druggists,  i.e.  persons  acquainted  with  them,  are:  80,  85,  87  and 
94  per  cent  respectively. 

Now,  it  is  either  for  the  drug  profession  or  for  the  law  maker 
to  decide  what  constitutes  a  dangerous  degree  of  similarity.  We 
have  determined  how  the  various  degrees  operate,  just  as  the 
dietician  ascertains  the  effects  of  various  food  preservatives  on 
the  tissue.  Personally,  I  am  convinced  that  objects  of  more  than 
60  per  cent  similarity  cannot  be  discriminated  with  sufficient 
ease  by  the  average  person,  exercising  the  usual  amount  of  care 
which  we  can  reasonably  expect  him  to  exercise,  under  the  con- 
ditions of  normal  life.  This  value,  or  any  other  which  the 
law  makers  happen  to  decide  upon,  may  be  too  high  for  some 
persons  and  too  low  for  others.  The  former  will  claim  that  it 
fails  to  protect  them,  the  latter  that  it  is  too  arbitrary.  But  this 
is  the  complaint  heard  about  every  law — from  the  national  tariff 
to  the  speed  ordinance  of  the  smallest  New  England  village. 

The  present  investigations  indicate  that  objects  of  60  per  cent 
or  more  similarity  will  be  mistaken  for  one  another  at  least  50 
per  cent  of  the  times  out  of  every  ten  observations.  Suppose, 
then,  that  we  have  words,  or  names,  or  trade  marks,  or  what 
not,  the  similarity  of  which  we  wish  to  discover?  The  simplest 
method  is  to  expose  one  of  these  items  among  others  of  the 
same  category,  for  such  time  and  under  such  conditions  as  the 
skilled  psychologist  shall  suggest.  This  exposure  should  be  made 
to  ten  or  twelve  persons  of  normal  eye-sight,  and  then  it  should  be 
noted  how  many  of  them  discover  the  substitution  when  the  first 
item  is  replaced  by  the  second.  My  own  suggestion  is  that  one  of 
the  formulas  N4-t4,  N^-tg,  Ng-tj  should  be  used  with  items  of 
some  complexity,  and  that  N8-t4  with  words  or  names. 

^'^hat     *       .    -   ?f^'  inf-ao"*^   c  "    ^""'Vr    p    fn/>^l^od^   H   Will    ^Q   a'^^ed 
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Is  it  not  the  height  of  absurdity  first  to  build  up  a  scale  of  simi- 
larity by  subjective  judgments,  then  to  establish  a  relation  be- 
tween recognition  and  these  judgments,  and  finally  to  turn  round 
and  declare  that  subjective  judgments  of  similarity  are  value- 
less—only the  actual  discrimination  judgments  are  indicative  of 
the  similarity  of  the  objects?  If  the  comparison  judgments  of 
15  college  men  are  good  enough  to  determine  the  similarity 
between  two  objects,  in  the  construction  of  the  similarity  scale, 
then  those  of  12  jurymen  are  equally  reliable  in  suits  involving 
trademark  infringment,  and  there  is  no  reason  why  the  court 
should  burden  itself  with  psychologists  and  psychological 
paraphernalia. 

Moreover,  the  mean  variations  among  the  psychological  judg- 
ments are  smaller  than  those  of  the  discrimination  judgments, 
hence  the  former  must  be  more  objective,  i.e.  more  representative 
of  the  actual  similarity  of  the  objects,  than  the  latter. 

I  have  purposely  given  this  argtmient  at  some  length  in  order 
that  we  may  the  more  tenaciously  cling  to  the  truth  when  we 
have  arrived  at  it.  How  shall  we  answer  this  hypothetical 
challenge?    The  task  is  not  difficult. 

It  is  the  utmost  desire  of  all  court  proceedings  to  render  a 
verdict  solely  based  on  the  evidence  of  facts — ^a  verdict  the  just- 
ness of  which  is  not  open  to  doubt.  But  in  civil  suits  involving 
illegal  imitation  the  presentaton  of  unimpeachable  facts  is  next 
to  impossible. 

Infringment  of  trademarks  exists,  according  to  the  British 
Lord  Ordinary's  definition,  "when  they  are  liable  to  be  mistaken 
by  ordinary  purchasers,  not  applying  their  minds  closely  to 
the  matter,  for  the  trademark  of  the  goods  of  the  trader  who 
is  the  proprietor  of  the  mark."^  This  definition  has  been 
closely  adhered  to  by  some  courts  and  the  unwary  purchaser 
protected.  But  not  so  in  all  cases.  As  the  New  York  Times 
las  remarked  editorially,  "Usually  when  a  case  comes  to  trial» 
^he  trademarks  in  question  are  brought  together  for  comparison 
'^y  the  judge  and  jury,  who  are  thus  accorded  a  privil^je  denied 
'ie  unwary  purchaser,    a^c      he    '^ompari^^rm    is    aide'^    nnc 
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emphasized  by  able  counsel.  In  every  way  and  by  suggestion 
the  difference  between  the  two  marks  is  accentuated,  and,  per- 
haps unconsciously,  the  learned  judge  projects  his  enlightened 
mind  upon  that  unwary  purchaser,  until  he  endows  him  with  ' 
his  own  sagacity  and  wisdom."  To  be  sure,  the  testimony  of 
persons  who  have  actually  been  misled  by  the  imitation  is 
valuable,  but  unfortunately  "the  courts  too  often  set  them  down 
as  extraordinarily  careless  or  foolish  persons,  devoid  of  common 
sense  in  comparison  with  the  unwary  purchaser  of  legal  fiction." 

And  so  we  might  say  that  by  the  time  a  decision  is  rendered, 
that  which  originally  was  a  matter  of  fact,  has  ultimately  be- 
come a  matter  of  suggestion,  of  theory  and  cogitation,  so  that 
neither  judge  nor  jury  are  in  a  position  to  decide  with  any 
degree  of  certainty  whether  two  things  are  or  are  not  similar 
enough  to  constitute  an  illegal  imitation.  This  is  evidenced 
by  the  large  number  of  diametrically  opposite  decisions  which 
have  been  handed  down  in  almost  identical  cases  of  trademark 
infringement.    We  shall  cite  only  a  few.* 

(i)  In  the  case  of  the  Sterling  Remedy  Co.  v.  Spermine 
Medical  Co.,  in  the  Circuit  Court  of  Appeals  in  the  Seventh 
Circuit,  112  Fed.  R.,  loo,  there  was  involved  among  other 
things,  the  right  of  the  complainant  to  enjoin  the  unnecessary 
imitation  of  the  hexagonal  form  of  th^  Cascaret  tablet.  It 
was  contended  that  complainant's  product  was  to  some  extent 
identified  by  the  form  of  the  tablet  and  the  defendant's  imita- 
tion of  this  form  was  unnecessary.  The  court  rendered  a  verdict 
for   the  complainant. 

(2)  Globe  Co.  V.  Brown,  121,  Fed.,  90;  the  imitation  of 
the  form  of  a  letter  file  was  enjoined. 

(3)  Yale  and  Towne  v.  Adler,  154,  Fed.,  37;  the  unnecessary 
imitation  of  the  form  of  a  padlock  was  enjoined. 

(4)  Wrigley  v.  Larson,  195,  Fed.,  568;  an  imitation  of 
Wrigley's  Spearmint  Gum  Package  was  enjoined. 

"There  are  many  other  cases  from  which  jurists  might  safely 

*For  the  cases  herein  cited  I  am  indebted  to  Mr.  G.  M.  Besett,  Chairman 
of  the  Committee  of  Trademarks  for  the  National  Wholesale  Druggists 
Association. 
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conclude  that  the  unnecessary  imitation  of  a  non-functional 
part  of  a  machine  or  piece  of  merchandise  was  unfair  competi- 
tion and  enjoinable,"  we  are  told.  But  let  us  see  how  the  same 
matter  was  treated  on  other  occasions. 

(5)  Pope  Automatic  Merchandising  Co.  v.  McCrumb-Howell 
Co.,  191,  Fed.,  979;  the  Circuit  of  Appeals  of  the  Seventh  Cir- 
cuit refused  to  enjoin  the  defendant  from  imitating  the  physical 
appearance  of  a  hand  vacuum  cleaner. 

(6)  Mississippi  Wire  Glass  Co.  v.  Continuous  Glass  Press 
Co.,  81  Atl.,  374;  Vice  Chancellor  Stevens,  of  New  Jersey 
held  that  the  complainant  could  not  claim  a  right  in  a  hexagonal 
shape  of  mesh  for  wire  setting  inserted  in  a  fire  retardant  glass, 
although  it  was  established  by  a  reasonable  amotmt  of  testimony 
that  complainant's  product  was  identified  by  means  of  the  ap- 
pearance contributed  by  the  shape  of  the  mesh.  [Compare  this 
with  case  i.] 

(7)  Rathbone,  Lord  &  Co.,  v.  Champion  Steel  Range  Co., 
189,  Fed.,  26;  the  Court  held  that  so  far  as  concerned  the 
ornamental  dress  of  a  stove,  the  defendant  was  free  to  copy. 
[Compare  this  with  conclusions  of  cases  i,  2  and  3.] 

(8)  Edward  Hilker  Mop  Co.,  v.  United  States  Mop  Co., 
191  Fed.,  613;  it  was  held  that  the  defendant  could  not  be 
enjoined  from  imitating  the  visual  appearance  of  the  com- 
plainant's mop.     [Compare  this  with  case  2  and  3.] 

These  cases,  representative  of  scores  that  could  be  cited,  will 
suffice  to  show  how  absolutely  impossible  it  is  to  decide  by 
present  day  methods,  how  much  similarity  does  or  does  not 
constitute  unfair  imitation.  Obviously  these  diverse  decisions 
could  not  have  been  rendered  on  the  evidence  of  facts,  because 
facts  are  incapable  of  opposite  interpretation. 

Now  this  method  of  ascertaining  the  legitimate  or  ill^timate 
similarity  of  two  objects  is  outwardly  equivalent  to  the  sub- 
jective judgments  rendered  by  our  15  individuals  whereby  the 
amount  of  similarity  between  pairs  of  picture  post-cards  was 
determined.  I  say  outwardly  because  there  the  comparison  ends. 
For  the  rest,  the  methods  were  totally  dissimilar  with  the  balance 
of  favor  on  our  side.    The  reason  is  this.    In  the  court  room 


APPLICATION  OF  LAWS  OF  RECOGNITION  121 

the  opinions  of  judge  and  jury  are  swayed  if  not  determined 
by  the  persuasive  arguments  of  opposing  attorney.  Of  course 
all  items  that  are  not  absolutely  identical  have  some  distinctive 
features  about  them,  and  in  so'  far  as  they  are  held  up  side  by 
side,  and  clever  argimients  and  suggestions  are  made  by  an 
array  of  able  counsel,  these  features,  however  small,  may  loom 
up  very  large  and  vice  versa.  Under  such  circumstances  a  naive, 
matter-of-fact  sort  of  judgment  can  hardly  be  rendered.  Yet 
that  is  the  kind  of  judgment  that  is  necessary  in  cases  like  these, 
because  the  faculties  whereby  we  recognize  and  discriminate 
things  in  the  physical  world  are  primarily  naive.  In  short, 
recognition  and  discrimination  are  primary  processes — they  do 
not  belong  to  the  cognitive  faculty,  but  are  midway  between 
cognition  and  affection.  Therefore,  it  is  fundamentally  wrong 
to  try  to  determine  by  logic  and  argumentation  whether  two 
things  are  or  are  not  similar  enough  to  cause  confusion  in 
perception,  memory  and  feeling. 

In  so  far,  then,  as  we  avoided  all  forms  of  suggestion  by 
taking  our  15  judges  separately  into  the  quiet  laboratory,  and 
allowed  them  to  decide  the  similarity  of  the  cards  on  the  basis 
of  "first  impression,"  we  think  that  their  judgments  were  more 
representative  of  objective  similarity  than  any  court  can  reach. 

Yet  even  this  method  is  not  wholly  reliable.  The  process 
of  comparison  is  not  the  same  as  that  of  recognition.  In  the 
former  case  you  have  the  items  directly  before  you.  The  im- 
pression of  one  can  be  superimposed  on  the  image  of  the  other; 
the  items  may  be  examined  analytically  or  synthetically,  i.e. 
the  observer  may  fix  his  attention  now  on  the  parts  that  are 
identical  and  now  on  those  that  are  different,  or  he  may  take 
in  the  total  impression.  Recognition  involves  no  such  processes 
as  these.  Hence,  to  try  to  determine  recognitive  ability  by 
the  comparison  method  is  like  trying  to  pass  judgment  on  the 
quality  of  symphony  by  picking  out  its  tones  and  over-tones 
by  means  of  resonators. 

In  all  matters  of  law  the  merits  of  the  case  alone  must  engage 
the  attention  of  the  court.  In  supposedly  illegal  imitation  the 
point  at  issue  is  the  similarity  of  impression  made  by  two 
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objects  separated  in  time  and  space.  Therefore  to  bring  those 
objects  in  close  proximity  to  each  other  and  to  observe  them 
at  the  same  time,  is  entirely  contrary  to  the  issue  involved.  It 
is  like  attempting  to  ascertain  the  amount  of  adulteration  in 
a  food-stuff  by  its  taste  or  appearance.  Nothing  but  a  psycho- 
logical test  on  recognition  can  determine  the  amotmt  of  con- 
fusion that  two  objects  possess  for  the  average  human 
consciousness.  There  is  nothing  derogatory  in  the  application 
of  scientific  methods  to  court  procedure. 

The  reason  why  a  fair  decision  on  illegal  imitation  can  be 
reached  only  by  resorting  to  such  a  psychological  test  as  we 
have  decided  is  that  there  we  can  determine  with  mathematical 
accuracy  precisely  the  amount  of  confusion  produced  by  the  two 
things  under  consideration.  The  results  rendered  are  not  open 
to  doubt.  The  experiment  may  be  carried  on  either  in  the 
presence  of  the  court  or  in  the  quiet  laboratory  of  the 
psychologist.     Let  us  present  a  concrete  illustration. 

Suppose  it  is  such  a  case  as  that  of  the  Crystalleid  Water  Co. 
V.  Schultz,  2  Trademark,  Rep.  251.  Here  the  court  held  that 
there  was  no  unfair  competition  in  the  use  of  a  bottle  similar 
in  shape,  containing  a  liquid  similar  in  color  to  that  used  by 
another  firm  provided  the  label  was  distinctive.  An  opinion 
diametrically  opposite  to  this  was  handed  down  in  the  United 
States  Court  of  Appeals  in  the  case  of  the  Moxie  Co.  v.  Daniel 
Daoust.  The  court's  ruling  was  in  part  as  follows:  "Moxie 
is  a  well-known  beverage  put  up  in  a  bottle  which  is  of  a  dis- 
tinctive shape  for  many  years  associated  with  the  beverage 
Moxie.  The  defendant  makes  a  beverage  quite  similar  in  color 
and  taste.  This  is  put  up  in  bottles,  which  in  color  and  shape, 
closely  resembles  the  Moxie  bottle.  The  similarity  of  the 
beverages  in  color  and  taste  together  with  the  similarity  of 
the  bottles,  facilitates  the  substitution  of  the  defendant's  beverage 
for  Moxie  without  detection  by  the  customer.  There  are  points 
of  difference  in  labels  blown  into  glass  and  affixed  thereto,  in 
caps,  etc.,  but  they  are  differences  which  do  not  destroy  the 
general  similarity  of  appearance  ^^  t^*    )  -^^nary  purchaser  and 
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Both  from  our  own  inspection  and  from  the  evidence  in  the 
records  we  are  satisfied  that  the  resemblance  is  such  as  to  mislead 
purchasers."  The  case  was  remanded  to  the  district  court  with 
directions  to  enter  a  decree  of  injtmction. 

In  both  these  cases  such  terms  as  "distinctive,"  "similarity 
in  general  appearance,"  "our  own  impression,"  etc.,  are  used 
in  a  subjective  sense.     Hence  the  diverse  decisions. 

Why  should  the  defendant  in  the  suit  of  the  Crystaleid  Water 
Co.  V.  Schultz  have  been  allowed  to  imitate  the  bottle  of  the 
plaintiff,  and  why  should  he  have  been  enjoined  in  this  latter 
case?  In  one  or  the  other  of  these  instances  there  has  been  a 
miscarriage  of  justice.  The  following  method  might  have  been 
used  with  more  equitable  results. 

(a)  The  subjects  on  whom  the  experiment  is  to  be  performed 
are  chosen  on  the  basis  of  being  representative  of  the  average 
normal  individual,  (b)  The  court  psychologist  constructs  his 
apparatus  to  meet  the  situation  at  hand,  but  in  all  instances 
he  must  see  that  it  separates  observer  from  experimenter,  (c) 
He  must  then  adjust  his  experimentation  so  as  to  find  the  ideal 
formula  for  the  particular  object  in  question.  That  is,  if  it 
happens  to  be  the  alleged  imitation  of  a  bottle,  as  in  the  above 
case,  he  must  find  that  combination  of  the  number  of  bottles 
(N)  and  time  of  exposure  (t)  which,  with  N  having  the  high- 
est and  t  the  lowest  values  possible,  two  totally  dissimilar  bottles 
will  be  discriminated  by  the  subjects  100  per  cent  of  the  times 
and  two  identical  bottles  will  be  identified  100  per  cent  of  the 
times  when  one  is  replaced  by  the  other  at  intervals  of  20  or 
30  seconds,  (d)  A  totally  different  bottle  would  be  one  of 
different  shape  and  color  but  approximately  of  the  same  volume, 
for  surely  the  complainant  cannot  ask  that  the  defendant  be 
enjoined  from  selling  his  goods  in  any  bulk  he  pleases,  (e)  The 
apparatus  may  be  so  constructed  as  to  expose  the  items  to  the 
ten  or  twenty  observers  assembled  and  have  them  record  their 
own  results,  (f)  Or  the  experiment  may  be  carried  on  with 
one  observer  at  a  time  and  have  him  dictate  his  results  either 
to  the  court  clerk  or  to  the  person  conducting  the  investigation. 
(fr)  TVir#»o    ^xr^osurp*^  s^oulf'  ^^  r"ad(   ^o  p^r^  '^^sprver:     (i) 
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One  bottle — or  whatever  the  item  may  be — should  be  displaced 
by  a  totally  dissimilar  one:  This  will  test  the  subject's  ability 
to  recognize  substitutions  of  zero  similarity,  (o%  S).  (2) 
Within  a  wholly  new  field  but  of  the  same  complexity  as  in  the 
previous  case,  the  complainant's  bottle  or  item  should  be  ex- 
posed and  then  replaced  by  defendant's.  (3)  A  totally  new 
setting  of  the  same  complexity  as  in  the  previous  cases  should 
be  exposed  and  nothing  displaced  on  the  trial  exposure — ^this 
will  test  the  observer's  ability  to  identify  the  same  item 
(100%  S).  (h)  The  observers  addressed  individually  or 
together,  according  to  how  the  experiment  is  conducted,  should 
be  given  the  following  instructions:  N  objects  (named)  will 
be  shown  for  t  seconds,  after  which  a  period  of  p  seconds  will 
intervene.  During  this  interval  you  must  hold  yourself  ready 
for  a  second  exposure ;  for  at  the  end  of  the  interval  N  objects 
of  the  same  category  (named)  will  be  shown  to  you  again 
for  t  seconds,  and  thereafter  you  must  record  in  writing  or 
dictate  to  the  clerk  whether  the  second  exposure  differed  from 
the  first  in  the  presence  of  a  new  item  or  whether  it  was  identical 
with  the  first.  And  if  you  think  you  see  a  new  item  (named) 
in  the  second  exposure  you  must  give  its  location  in  the  group — 
or  its  number  if  they  are  numbered —  and  you  must  state 
what  it  has  displaced  and  how  it  differs  from  the  displaced 
object. 

Thus  we  shall  obtain  a  number  of  judgments  in  each  of  the 
three  instances.  Suppose  there  are  twelve  of  them  and  that 
they  are  distributed  in  the  following  manner:  First  test:  II 
subjects  recognize  the  substitution  definitely  and  i  is  in  doubt 
Second  test:  3  observers  recognize  the  substitutions  positively, 
4  are  in  doubt  and  5  fail  to  recognize  it  completely.  Third 
test:  10  identify  the  group  as  being  the  same  positively,  i 
doubts  a  single  item,  and  i  is  sure  that  one  of  the  items  is  new. 

Calling  the  resemblance  of  the  two  totally  unlike  objects 
0%  S,  of  those  that  were  not  changed,  i.e.  in  the  third  trial. 
100%  S,  and  of    those  whose    similarity  we    are    trying    ♦^ 
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Therefore  %  C  =  96 

42 

88 

Now  apparently  either  the  conditions  of  the  experiment  were 
not  ideal  or  some  of  the  observers  were  not  absolutely  normal, 
else  the  0%  S  substitution  would  not  have  been  missed  4  per 
cent  of  the  times  nor  would  the  observers  have  said  that  a 
substitution  was  made  12  per  cent  of  the  times  when  none 
occurred  at  all.  As  a  result  of  the  first  error  the  defendants 
have  a  right  to  say:  If  the  observers  failed  to  discriminate 
the  difference  between  two  things  of  0%  S,  4  per  cent  of  the 
times  than  at  least  that  much  ought  to  be  subtracted  from  the 
amount  of  confusion  produced  by  our  item,  or  that  much  should 
be  added  to  the  %  C  (correct  recognition)  when  our  item  was 
substituted.  As  a  result  of  the  second  error  the  complainants 
might  argue:  Owing  to  the  nature  of  the  experiment  or  the 
idiosyncrasy  of  two  observers  there  was  a  tendency  of  12  per 
cent  to  say  "change"  when  none  was  actually  observed.  The 
probable  per  cent  of  this  tendency  with  reference  to  any  one 
particular  item  in  the  group  was  12.  ^  ,  where  B  is  the  num- 
ber of  objects  exposed  in  the  group.  Hence  that  much  should 
be  subtracted  from  %  C  with  reference  to  x,  as  being  due  to 
the  precipitant  tendency  of  thought,  under  such  conditions, 
to  express  itself  in  the  judgment  "change." 

To  settle  these  differences  we  apply  our  Correction  Formula: 
(lOO-S)Y — SX.  ^=ii=K.  Let  Y  equal  per  cent  error  at 
0%  S  end  of  scale  and  X  equal  per  cent  error  at  100%  S  end 
of  scale;  then  the  amount  of  correction  that  should  be  made 
for  X,  the  unknown  amount  of  similarity,  is  (1.00-.58)  x  .04 — 
.58  X  .12  1  =  K  (since  S  varies  inversely  as  %  C  when  C  = 
change,  and  since  C  in  this  case  =  42%).  Suppose  B  =  6, 
then  K  =  .005.  Adding  this  value  to  %  C  found  with  reference 
to  X,  yields  42.5%.  Hence  we  say  that  a  substitution  of  de- 
fendant's bottle  for  complainant's  will  be  recognized  as  dif- 
ferent 42.5  per  cent  of  the  times.  And  since  the  first  law  of 
recognition  says  that  recognitive    ability    varies    inversely    as 
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degree  of  similarity,  the  court  is  justified  in  declaring,  on  the 
basis  of  the  foregoing  evidence,  that  defendant's  merchandise, 
bottle  or  whatever  it  may  be,  is  57.5  per  cent  similar  to  the 
complainant's.  If  the  law  makers  decide  that  in  such  cases  as 
these  25%  or  30%  or  40%  confusion  is  permissable,  then  the 
value  found,  being  above  the  safe  limit,  constitutes  an  illegal 
imitation.  From  such  judgment  there  can  be  no  appeal.  About 
the  fairness  and  accuracy  of  such  judgment  there  can  be  no  doubt. 
Needless  to  say  such  tests  are  possible  only  in  the  case  of 
portable  items.  When  the  items  are  not  portable,  or  cannot 
be  manipulated  with  facility  in  such  an  experiment,  their 
photographs  should  be  used. 

Note.  Another  kind  of  similarity  that  may  because  for  litigation  is  not  form 
but  generic  similarity.  It  is  the  kind  of  resemblance  existing  between  two  items 
whereby  one  of  them  is  enabled  to  inveigle  itself  into  acceptation  by  virtue 
of  the  favorable  disposition  created  in  the  purchaser's  mind  by  the  other. 
The  individual  need  not  mistake  one  object  for  the  other,  he  may  be  per- 
fectly well  able  to  note  the  difference  between  them,  yet  ^because  they  have 
this  generic  resemblance,  he  reasons  from  similarity  of  name  to  similarity 
of  origin  or  quality.  Thus  there  is  generic  resemblance  between  Hotel  La 
Touraine  and  La  Touraine  Coffee.  Knowing  tha>t  the  former  is  a  high 
class  hotel,  I  infer  from  the  similarity  of  the  names  that  La  Touraine 
Coffee  has  some  connection  with  the  La  Touraine  Hotel.  Perhaps  it  is  used 
at  that  hotel,  and  if  so  it  must  be  of  an  excellent  brand. 

There  is  generic  resemblance  between  Royal  Baking  Powder  Co.  and 
Royal  Bakery.  By  the  principle  of  radiation,  the  sense  of  quality  induced  by 
the  former  spreads  to  the  latter.  Again,  there  is  generic  resemblance  between 
Snappy  Cheese  and  Ni^y  Cheese,  though  here  of  course,  it  being  a  ques- 
tion of  the  same  item,  it  is  sufficient  to  consider  the  form  simdlarity  of  the 
names  alone.  Yet  imitation  exists  even  if  the  customer  who  is  in  me  habit 
of  ibuying  Snappy  Cheese  knows  perfectly  well  that  Nippy  Oieese  is  not 
Snappy  Cheese  when  he  is  confronted  with  the  proposition  of  buying  the 
former  for  the  first  time.  The  imitation  arise  from  the  fact  that  he  tioinks 
that  Nippy  Cheese  is  about  the  same  as  Snappy  Cheese,  or  he  may  iStdnk 
that  it  is  a  different  brand  of  the  same  article  manufactured  by  the  same 
firm — ^because  of  the  similarity  of  name. 

Where  generic  resemblance  alone  exists  between  two  things  belonging 
o  different  categoric^,  uch  as  ♦^^ose  cited  in  the  first  two  illustrations,  the 
■^ychologist  canr'^*-  ^     ^i  ««'»••"        ^  ^^'^  -^ourt  in  a  practical  way. 
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INTRODUCTION 

The  problem  of  the  interference  of  feelings  is  of  the  highest 
importance,  both  for  theoretical  psychology  and  for  practical  life. 
The  general  nature  of  the  problem  will  be  brought  to  mind  by 
recalling  the  scene  between  Tubal  and  Shylock  in  "The  Merchant 
of  Venice,"  or  the  working  out  of  the  plot  in  "Monsieur  Perri- 
chon."  The  success  of  parents  in  dealing  with  children  by 
"changing  the  subject"  is  due  to  such  skill  as  can  be  acquired 
by  experience  in  this  field,  while  much  of  polite  social  intercourse, 
tact,  and  even  national  diplomacy  has  the  same  basis.  Much 
depends  upon  doing  unpleasant  things  in  such  a  delightful  way 
that  anger  is  held  in  check.  Similarly,  a  large  part  of  the  theory 
of  apperception,  association,  especially  the  problem  of  hysterical 
amnesia,  and  probably  also  that  of  religious  conversion  (of  the 
sort  described  in  Begbie's  "Twice-Born  Men")  can  be  much 
simplified  by  a  study  of  the  mutual  influence  of  feelings. 

As  yet,  however,  technical  psychology  has  concerned  itself 
almost  entirely  with  the  attempt  to  discover  the  nature  of  feeling, 
using  the  methods  of  impression  and  expression,  backed  up 
by  numerous  physiological  hypotheses.  Concerning  the  behavior 
of  feelings  little  is  to  be  found  beyond  brief  dogmatic  statements, 
not  based  upon  any  general  observation,  e.g.,  "Pleasure  and  Pain 
are  opposites  in  the  strongest  form  of  contrariety ;  like  heat  and 
cold,  they  destroy  or  neutralize  each  other."^  Exceptions  are 
to  be  found  in  those  psychologists  who  have  interested  themselves 
in  morals  and  aesthetics.^  Much  that  is  suggestive  is  to  be  found 
in  works  on  aesthetics  and  literary  criticism.  It  is,  however, 
too  indefinite  to  do  more  than  serve  as  a  good  introduction  to 
the  problem.  The  work  to  be  reported  below  was  an  attempt 
to  extend  technical  laboratory  methods  into  this  almost  un- 
touched  field.      The   only   extensive    research   on   the    subject 

*  Bain  "Emotions  and  the  Will,"  pp.  12-13. 

■C/.  Bain.  op.  cit.,  Ch.  VI,  under  Will,  "The  Conflict  of  Motives";  also 

pp.  436-439. 
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previous  to  the  present  was  that  reported  by  Johnston,  "The 
Combination  of  Feelings,"  Harvard  Psychological  Studies,  Vol. 
II>  PP-  159-191-  His  methods  were  considerably  different  from 
ours,  but  the  general  problems  are  much  the  same.  The  results 
should  therefore  be  compared. 

In  order  to  indicate  the  nature  of  the  sources,  and  also  the 
wide  range  of  our  problem,  a  few  of  the  more  striking  passages 
will  be  cited  here. 

In  the  Philebus  of  Plato  is  to  be  found  the  following 
discussion : 

"Socrates.  .  .  .  When  a  person  is  in  actual  suffering  and 
yet  remembers  past  pleasures  which,  if  they  would  only  return, 
would  relieve  him;  but  as  yet  he  has  them  not.  May  we  not 
say  of  him,  that  he  is  an  intermediate  state? 

Protarchus.    Certainly. 

Soc.  Would  you  say  that  he  was  wholly  pained  or  wholly 
pleased  ? 

Pro.  Nay,  I  should  say  that  he  has  two  pains;  in  his  body 
there  is  the  actual  experience  of  pain,  and  in  his  soul  longing 
and  expectation. 

Soc.  What  do  you  mean,  Protarchus,  by  the  two  pains  ?  May 
not  a  man  who  is  empty  have  at  one  time  a  sure  hope  of  being 
filled,  and  yet  in  that  he  is  empty  is  he  not  at  the  same  time 
in  pain? 

Pro.    Certainly. 

Soc.  Then  man  and  the  other  animals  have  at  the  same  time 
both  pleasure  and  pain? 

Pro.    I  suppose  so."    (St.  35.) 

The  analysis  of  the  types  of  mixed  feeling  is  given  in  St 
•6-50. 

vlixed  pleasures  are  morbid,  such  as  those  of  scratching, 
^here  are  some  mixtures  which  are  of  the  body,  and  only 
A  .he  body,  and  others  which  are  of  the  soul,  and  only  in  the 
^oul;  while  ^^ere  are  other  mixtures  of  pleasures  with  pains, 
"omn^'^n  *^fy  '  ^r^nl  and  body,  wh'':Vi  in  their  comr>osit*  7^f\f€ 
;ir«-     ,         *,  ,.^  .••        >lpqcii*'oc  in'    ....  -timp«  oains 
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( I )  Both  are  due  to  sensations,  in  various  parts  of  the  body. 
(2)  One  factor  is  sensational,  the  other  ideational.  (3)  ".  .  . 
anger,  fear,  desire,  sorrow,  love,  emulation,  envy  and  the  like — 
pains  which  belong  to  the  soul  only."  "...  shall  we  not  find 
them  also  full  of  the  most  wonderful  pleasures  ?  Need  I  remind 
you  of  the  anger 

'Which  stirs  even  a  wise  man  to  violence, 

And  is  sweeter  than  honey  and  the  honeycomb?' 

And  you  remember  how  pleasures  mingle  with  pains  in 
lamentation  and  bereavement?  .  .  .  And  you  remember  also 
how  at  the  sight  of  tragedies  the  spectators  smile  through  their 
tears?  .  .  .  And  are  you  aware  that  even  at  a  comedy  the  soul 
experiences  a  mixed  feeling  of  pain  and  pleasure?" 
Burke  ^'  may  be  represented  by  the  following : 
"The  Effects  of  Sympathy  in  the  Distress  of  Others." — To 
examine  this  point  concerning  the  effect  of  tragedy  in  a  proper 
manner,  we  must  previously  consider  how  we  are  affected  by 
the  feelings  of  our  fellow-creatures  in  circumstances  of  real 
distress.  I  am  convinced  we  have  a  degree  of  delight,  and 
that  no  small  one,  in  the  real  misfortunes  and  pains  of  others; 
for  let  the  affection  be  what  it  will  in  appearance,  if  it  does 
not  make  us  shun  such  objects,  if  on  the  contrary  it  induces 
us  to  approach  them,  if  it  makes  us  dwell  upon  them,  in  this 
case  I  conceive  we  must  have  a  delight  or  pleasure  of  some 
species  or  other  in  contemplating  objects  of  this  kind.  Do  we 
not  read  the  authentic  histories  of  scenes  of  this  nature  with 
as  much  pleasure  as  romances  or  poems,  where  the  incidents 
are  fictitious?  The  prosperity  of  no  empire,  nor  the  grandeur 
of  no  king,  can  so  agreeably  affect  in  the  reading,  as  the  ruin 
of  the  state  of  Macedon,  and  the  distress  of  its  uphappy  prince. 
Such  a  catastrophe  touches  us  in  history  as  much  as  the  de- 
struction of  Troy  does  in  fable.  Our  delight,  in  cases  of  this 
kind,  is  very  greatly  heightened,  if  the  sufferer  be  some  excellent 
person  who  sinks  under  an  unworthy  fortune.  Scipio  and 
Cato  are  both  virtuous  characters;  but  we  are  more  deeply 
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affected  by  the  violent  death  of  the  one,  and  the  ruin  of  the 
great  cause  he  adhered  to,  than  with  the  deserved  triumphs 
and  uninterrupted  prosperity  of  the  other ;  for  terror  is  a  passion 
which  always  produces  delight  when  it  does  not  press  too  close; 
and  pity  is  a  passion  accompanied  with  pleasure,  because  it 
arises  from  love  and  social  affection.  Whenever  we  are  formed 
by  nature  to  any  active  purpose,  the  passion  which  animates 
us  to  it,  is  attended  with  delight,  or  a  pleasure  of  some  kind, 
let  the  subject-matter  be  what  it  will;  and  as  our  Creator  has 
designed  we  should  be  united  by  the  bond  of  sympathy,  He 
has  strengthened  that  bond  by  a  proportionable  delight;  and 
there  most  where  our  sympathy  is  most  wanted,  in  the  dis- 
tresses of  others.  If  this  passion  was  simply  painful,  we  would 
shun  with  the  greatest  care  all  persons  and  places  that  could 
excite  such  a  passion ;  as  some,  who  are  so  far  gone  in  indolence 
as  not  to  endure  any  strong  impression,  actually  do.  But  the 
case  is  widely  different  with  the  greater  part  of  mankind;  there 
is  no  spectacle  we  so  eagerly  pursue,  as  that  of  some  tmcommon 
and  grievous  calamity;  so  that  whether  the  misfortune  is  be- 
fore our  eyes,  or  whether  they  are  turned  back  to  it  in  history, 
it  always  touches  with  delight.  This  is  not  an  tmmixed  delight, 
but  blended  with  no  small  uneasiness.  The  delight  we  have 
in  such  things,  hinders  us  from  shunning  scenes  of  misery; 
and  the  pain  we  feel,  prompts  us  to  relieve  ourselves  in  re- 
lieving those  who  suffer ;  and  all  this  antecedent  to  any  reasoning, 
by  an  instinct  that  works  us  to  its  own  purposes  without  our 
concurrence."^ 

Hume  worked  out  quite  a  complete  theory.  We  have  already 
cited  one  paragraph.     The  whole  passage  may  be  given  here.* 

"Suppose,  then,  that  the  object,  concerning  whose  reality  we 
are  doubtful,  is  an  object  either  of  desire  or  aversion,  'tis  evident, 
that,  according  as  the  mind  turns  itself  either  to  the  one  side 
or  the  other,  it  must  feel  a  momentary  impression  of  joy  or 
sorrow.     An  object,  whose  existence  we  desire,  gives  satisfac- 

•C/.  also  Secti'^ns  III,  The  Difference  between  the  Removal  of  Pain  wtki 
Positive  Pleasure,  vnd  IV,  Of  Delight  and  Pleasure  as  Opposec    o  each  oth*"* 
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tion,  when  we  reflect  on  those  causes  which  produce  it;  and 
for  the  same  reason  excites  grief  or  imeasiness  from  the  opposite 
consideration:  So  that  as  the  understanding,  in  all  probable 
questions,  is  divided  betwixt  the  contrary  points  of  view,  the 
affections  must  in  the  same  manner  be  divided  betwixt  opposite 
emotions. 

"Now  if  we  consider  the  human  mind,  we  shall  find,  that 
with  regard  to  the  passions,  'tis  not  of  the  nature  of  a  wind- 
instrument  of  music,  which  in  running  over  all  the  notes  im- 
mediately loses  the  sound  after  the  breath  ceases;  but  rather 
resembles  a  string-instrument,  where  after  each  stroke  the  vibra- 
tions still  retain  some  sound,  which  gradually  and  insensibly 
decays.  The  imagination  is  extreme  quick  and  agile;  but  the 
passions  are  slow  and  restive:  For  which  reason,  when  any 
object  is  presented,  that  affords  a  variety  of  views  to  the  one, 
and  emotions  to  the  other;  tho'  the  fancy  may  change  its  views 
with  great  celerity;  each  stroke  will  not  produce  a  clear  and 
distinct  note  of  passion,  but  the  one  passion  will  always  be  mixt 
and  confounded  with  the  other.  According  as  the  probability 
inclines  to  good  or  evil,  the  passion  of  joy  or  sorrow  pre- 
dominates in  the  composition :  Because  the  nature  of  probability 
is  to  cast  a  superior  number  of  views  or  changes  on  one  side; 
or,  which  is  the  same  thing,  a  superior  number  of  returns  of 
one  passion;  or  since  the  dispersed  passions  are  collected  into 
one,  a  superior  degree  of  that  passion.  That  is,  in  other  words, 
the  grief  and  joy  being  intermingled  with  each  other  by  means 
of  the  contrary  views  of  the  imagination,  produce  by  their 
union  the  passions  of  hope  and  fear. 

"Upon  this  head  there  may  be  started  a  very  curious  question 
concerning  that  contrariety  of  passions,  which  is  our  present 
subject.  'Tis  observable,  that  where  the  objects  of  contrary 
passions  are  presented  at  once,  beside  the  encrease  of  the  pre- 
dominant passion  (which  has  been  already  explained,  and  com- 
monly arises  at  their  first  shock  or  rencounter)  it  sometimes 
happens,  that  both  the  passions  exist  successively,  and  by  short 
intervals;  sometimes,  that  they  destroy  each  other,  and  neither 
of  them  takes  place;  and  sometimes  that  both  of  them  remain 
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united  in  the  mind.  It  may,  therefore,  be  ask'd,  by  what  theory 
we  can  explain  these  variations,  and  to  what  general  principle 
we  can  reduce  them. 

"When  the  contrary  passions  arise  from  objects  entirely  dif- 
ferent, they  take  place  alternately,  the  want  of  relation  in  the 
ideas  seperating  the  impressions  from  each  other,  and  prevent- 
ing their  opposition.  Thus  when  a  man  is  afflicted  for  the  loss 
of  a  law-suit,  and  joyful  for  the  birth  of  a  son,  the  mind  running 
from  the  agreeable  to  the  calamitous  object,  with  whatever 
celerity  it  may  perform  this  motion,  can  scarcely  temper  the 
one  affection  with  the  other,  and  remain  betwixt  them  in  a 
state  of  indifference. 

"It  more  easily  attains  that  calm  situation,  when  the  same 
event  is  of  a  mixt  nature,  and  contains  something  adverse  and 
something  prosperous  in  its  different  circumstances.  For  in 
that  case,  both  the  passions,  mingling  with  each  other  by  means 
of  the  relation,  become  mutually  destructive,  and  leave  the  mind 
in  perfect  tranquility. 

"But  suppose,  in  the  third  place,  that  the  object  is  not  a 
compound  of  good  or  evil,  but  is  consider'd  as  probable  or 
improbable  in  any  degree ;  in  that  case  I  assert,  that  the  contrary 
passions  will  both  of  them  be  present  at  once  in  the  soul,  and 
instead  of  destroying  and  tempering  each  other,  will  subsist 
together,  and  produce  a  third  impression  or  affection  by  their 
union.  Contrary  passions  are  not  capable  of  destroying  each 
other,  except  when  their  contrary  movements  exactly  rencounter, 
and  are  opposite  in  their  direction,  as  well  as  in  the  sensation 
they  produce.  This  exact  rencounter  depends  upon  the  relations 
of  those  ideas,  from  which  they  are  derived,  and  is  more  or 
less  perfect,  according  to  the  degrees  of  the  relation.  In  the 
case  of  probability  the  contrary  chances  are  so  far  related, 
that  they  determine  concerning  the  existence  or  non-existence 
of  the  same  object.  But  this  relation  is  far  from  being  perfect; 
since  some  of  the  chances  lie  on  the  side  of  existence,  and  others 
3n  that  of  non-existence;  which  are  objects  altogether  incon^ 
oatible.      'Ti*'   ^'"^oossible   by  on»*   steady   vi'^v    to  survey  the 
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necessary,  that  the  imagination  should  run  alternately  from  the 
one  to  the  other.  Each  view  of  the  imagination  produces  its 
peculiar  passion,  which  decays  away  by  degrees,  and  is  foUow'd 
by  a  sensible  vibration  after  the  stroke.  The  incompatibility 
of  the  views  keeps  the  passions  from  shocking  in  a  direct  line, 
if  that  expression  may  be  allow'd;  and  yet  their  relation  is 
sufficient  to  mingle  their  fainter  emotions.  'Tis  after  this 
manner  that  hope  and  fear  arise  from  the  different  mixture  of 
these  opposite  passions  of  grief  and  joy,  and  from  their  im- 
perfect union  and  conjunction. 

"Upon  the  whole,  contrary  passions  succeed  each  other  alter- 
nately, when  they  arise  from  different  objects:  They  mutually 
destroy  each  other,  when  they  proceed  from  different  parts  of 
the  same :  And  they  subsist  both  of  them,  and  mingle  together, 
when  they  are  deriv'd  from  the  contrary  and  incompatible 
chances  or  possibilities,  on  which  any  one  object  depends.  The 
influence  of  the  relations  of  ideas  is  plainly  seen  in  this  whole 
affair.  If  the  objects  of  the  contrary  passions  be  totally  dif- 
ferent, the  passions  are  like  two  opposite  liquors  in  different 
bottles,  which  have  no  influence  on  each  other.  If  the  objects 
be  intimately  connected,  the  passions  are  like  an  alcali  and  an 
acid,  which,  being  mingled,  destroy  each  other.  If  the  relation 
be  more  imperfect,  and  consists  in  the  contradictory  views  of 
the  same  object,  the  passions  are  like  oil  and  vinegar,  which, 
however  mingled,  never  perfectly  unite  and  incorporate." 
Hoff ding  considers  the  problem  at  some  length,  as  follows :  ^ 
"...  feelings  .  .  .  arise  and  bestir  themselves  more  slowly 
than  ideas.  It  takes  longer  to  convert  joy  into  sorrow  than  to 
pass  from  the  idea  of  something  joyful  to  the  idea  of  something 
sorrowful.  Even  in  persons  of  sanguine  temperament,  thoughts 
and  fancies  alter  with  greater  rapidity  than  the  mood.  If  now 
consciousness  passes  from  the  one  of  (two)  given  points  of 
view  (ab)  to  another  (ac),  the  idea  c  will  have  the  tendency 
to  excite  a  new  mood  (v)  ;  but  since  the  mood  (B)  excited  by 
the  first  idea  (b)  still  endures,  the  two  moods  will  coincide 
and  form  a  combination.     It  is  like  waves  striking  upon  the 

•"Outlines  of  Psychology,"  pp.  237-238. 
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shore;  the  advancing  wave  absorbs  the  receding  one.     In  this 
way  a  mixed  mood  arises.  .  .  . 

'The  moods  of  hopes  and  fear  appear  in  innumerable  g^rada- 
tions  and  shades,  according  to  the  relation  of  the  possibilities 
to  one  another.  ...  If  the  chances  are  thought  equal,  and  the 
imagination  is  therefore  attracted  with  equal  force  by  either 
stream,  the  mind  feels  itself  divided.  Two  different  moods 
strive  to  expand  in  consciousness,  but  neither  can  gain  the 
mastery.  Hence  arises  the  mood  of  doubt,  the  chief  charac- 
teristic of  which  is  a  painful  restlessness,  which  may  excite  so 
strong  a  desire  to  come  to  a  decision  that  the  nature  of  the 
decision  seems  indifferent  if  only  the  pain  of  uncertainty  be 
ended.  .  .  . 

"When  two  conflicting  feelings  press  at  once  to  the  fore  and 
try  to  make  themselves  felt  simultaneously  with  equal  strength, 
there  arises  the  intolerable  sense  of  division  just  mentioned. 
This  is,  however,  a  rare  case  and  of  short  duration.  When 
Shakespeare  makes  King  Claudius  describe  his  mood  at  his  wed- 
ding with  his  brother's  widow  as  an  equipoise  of  joy  and  sorrow, 
it  is  certainly  the  intention  of  the  great  poet-psychologist  to 
exhibit  him  as  a  hypocrite,  who  betrays  himself  by  the  un- 
naturalness  of  the  condition  which  he  attributes  to  himself. 
Where  the  one  feeling  does  not  suppress  the  other  or  reduce  it 
to  a  subordinate  element,  they  will  succeed  one  another 
rhythmically.  Plato  describes  as  follows  the  emotion  of  the 
disciples  of  Socrates  during  their  last  interview  with  their 
master.  He  makes  Phaedo  say:  "I  found  myself  in  a  truly 
extraordinary  state,  in  an  unaccustomed  mixture  of  delight  (in 
the  matter  of  his  conversation)  and  of  sorrow  when  I  reflected 
that  he  soon  must  die.  And  all  present  were  in  almost  the 
same  frame  of  mind,  now  laughing  and  now  crying.'*  Such 
an  alternation  is  the  natural  state,  when  different  motives  take 
effect.  But  this  cannot  long  continue,  for  the  mind  seeks 
equilibrium,  and  by  means  of  memory  converts  the  successive 
nto  the  simultaneous ;  the  two  feelings  are  consequently  blended 
^nto  a  "'  •"     »^line    ^^orrnv  ^nd  lov,  e,^,    '^^''^  ^^^^incholy.  . 
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"Sibbem  has  with  justice  therefore  drawn  a  distinction  be- 
tween a  mixture,  or  an  alternation,  of  diflFerent  or  even  conflict- 
ing states  of  feeling,  and  mixed  feelings  in  the  proper  sense. 
In  a  mixed  feeling  the  difference  of  the  constituents  is  no 
longer  observed,  since  they  go  to  make  up  one  single  total 
feeling. 

"Such  mixed  feelings  comprise  elements  which,  if  appearing 
separately,  would  bear  a  character  different  from  the  total  feel- 
ing which  they  help  to  form.  .  .  .  Here,  then,  are  instances 
of  psychical  chemistry  in  the  province  of  feeling." 

Ebbinghaus  relates  this  problem  to  that  of  atttention.* 

"...  die  Gefiihle  (sind)  etwas  gegensatzlich  Gegliedertes : 
ihre  verschiedenen  Starkeg^rade  bilden  zwei  Zweige  einer 
eindimensionalen  Mannigfaltigkeit,  die  durch  eine  Indiffer- 
enzzone  miteinander  in  Verbindung  stehen  und  deren  Glieder 
die  Kraft  haben,  sich  bei  gleichzeitiger  Anwesenheit  im 
Bewusstsein  wechelseitig  aufzuheben.  Sie  stehen  hiermit 
iibrigens  nicht  allein;  bei  den  Temperaturempfindungen  imd 
manchen  Organempfindungen  ( Hunger- Sattigung,-Ermudung- 
Frische)  finden  wir  Ahnliches.  Ausserdem  ist  zu  beachten,  dass 
es  zu  einer  voUstandigen  wechelseitigen  Aufhebung  gegen- 
satzlicher  Gefiihle  durchaus  nicht  immer  zu  kommen  braucht, 
ja  vielleicht  in  der  Regel  nicht  kommt.  Wie  wir  gleichzeitig 
an  den  Fiissen  kalt  und  an  den  Handen  warm  haben  konnen,  so 
konnen  wir  auch  die  Lust  einer  wohlschmeckenden  Speise  und  die 
Unlust  heftigen  Kopfschmerzes  neben  einander  erleben.  Selbst 
ein  und  derselbe  Gegenstand  oder  Vorgang  vermag  uns 
gleichzeitig  lustvoll  und  unlustvoU  anzusprechen,  soweit  wir 
namlich  in  unserem  Vorstellen  verschiedene  Seiten  oder  Bezie- 
hungen  des  Gegenstandes  gleichzeitig  zu  umfassen  und  doch 
auseinander  zu  halten  vermogen.  Die  Gefiihlsb^leitung 
reichhaltiger  seelischer  Grebilde  kann  dadurch  eine  sehr  ver- 
wickelte  werden." 

Finally,  we  may  give  the  following  extracts  frcwn  Sully's 
Essay  on  "Laughter." 

*  Ebbinghaus,   Grundzuge,  I,  540-541. 
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"A  curious  fact,  not  as  yet  fully  studied  by  the  psychologist, 
is  what  may  be  called  the  inter-diffusion  of  characters  between 
the  several  parts  of  a  complex  presentation.  The  figure  of  a 
afinely  dressed  lady  in  a  gathering  of  poor  people  may  either 
throw  the  shabby  look  of  the  latter  into  greater  relief  by  con- 
trast, or  redeem  it  from  its  shabbiness  by  lending  it  some  of 
its  own  glory.  The  latter  effect  is  favoured  by  a  certain  con- 
templative attitude  which  disposes  us  to  look  at  the  whole  as 
such,  and  with  the  least  amount  of  inspection  of  details  and 
their  relations.  When  we  regard  the  child  in  the  big  hat  a  sem- 
blance of  the  dignity  which  lies  in  the  meaning  of  the  latter  is 
transferred  to  the  small  head;  and  the  mental  seizure  of  this 
transferred  look  of  dignity  by  the  spectator  is  essential  to  a 
full  enjoyment  of  the  show  as  a  bit  of  make-believe,  of  innocent 
hypocrisy.  Similarly,  if  we  are  disposed  to  laugh,  a  little  con- 
temptuously, at  the  man  in  the  child's  hat,  it  is  because  the  hat 
throws  for  half  a  moment  over  the  heavy  and  lined  face  some- 
thing of  the  fresh  sweet  look  of  infancy"  (page  17). 

"...  among  the  causes  of  laughter,  a  moment's  relaxa- 
tion of  strain — ^muscular,  intellectual  or  emotional  tension — ^is 
one  of  the  most  common,  if  it  be  not  universal.  The  delicious 
sense  of  relief  which  the  collapse  of  the  strained  attitude  brings 
us  may  no  doubt  be  due  to  a  consciousness  of  the  transition, 
the  escape  from  pressure  of  the  moment  before.  At  the  same 
time,  it  is  not  improbable  that  the  physiological  processes  of 
laughter  themselves,  by  securing  organic  relief  and  refreshment, 
contribute  a  large  element  to  the  whole  mental  state. 

"A  like  remark  applies  to  the  element  of  disagreeable  feeling 
which  frequently,  at  least,  makes  our  laughter  a  mixed 
experience : — 

Our  sincerest  laughter. 
With  some  pain  is  fraugfht. 

Shelley  was  hardly  the  person,  one  suspects,  to  judge  of  the 
quality  of  men's  laughter;  yet  his  couplet  contains  an  element 
of  truth.  This  mixture  of  elements  is,  no  doubt,  largely  due 
to  the  initiating  perception  itself;  for  .  .  .  the  laughable  spep- 
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tacle  commonly  shows  us  in  the  background  something 
regrettable.  But  it  seems  reasonable  to  say  that  the  element 
of  sadness  in  our  hilarity  has  its  organic  support  in  the  un- 
pleasant feeling-tones  which  accompany  the  effects  of  all  violent 
and  prolonged  laughter  (page  46-7). 

"There  is  no  anomaly  here  when  once  we  get  at  the  comic 
point  of  view.  In  Moliere's  plays,  the  source  of  laughter  lies 
in  this  very  intrusion  of  the  ill-shapen  into  a  community  of  well- 
rounded  forms.  It  is  the  intruder  on  whom  we  fix  the  eye,  for 
whose  unpredictable  antics  in  a  world  for  which  he  is  not  made 
our  expectation  is  set.  The  serious  background  is  there,  but 
does  not  take  a  strong  hold  of  our  minds;  we  are  not  greatly 
moved,  for  example,  by  the  spectacle  of  the  sufferings  of  the 
daughters  and  the  wards  of  testy  old  gentlemen,  or  even  of 
the  wearing  housewifely  anxieties  of  Madame  Jourdain.  The 
proper  world,  into  which  the  absurdly  ill-fitted  is  here  pitch- 
forked, is  but  a  background,  rendering  the  valuable  service  of 
backgrounds  by  throwing  into  relief  and  so  sharply  defining 
the  form  for  which  the  spectator's  eye  is  accommodated"  (page 

369). 

"In  saying  that  we  go  to  meet  comedy  in  the  play-mood, 

in  which  our  habits  of  moral  approbation  and  disapprobation, 
and  even  of  estimation  of  social  values,  are  lulled  to  a  sleep 
more  or  less  profound,  it  is  not  meant  that  these  serious 
tendencies  in  us  can  be  ignored  by  the  writer  of  comedy.  As 
implied  above,  they  mould  our  forms  of  the  seemly,  unknow- 
ingly to  us  perhaps,  even  as  we  look.  And  more,  though 
inhibited  by  the  play-like  mood,  they  have  force;  and  should 
the  showman  go  too  far,  say  in  the  direction  of  stripping  off 
the  veil  of  decency,  they  may  wake  up  and  make  an  end  of  the 
comic  enjoyment.  Just  as  tragic  fear  and  pity  may  give  way 
to  physical  revulsion  when  horror  obtrudes  itself,  so  when  in 
comedy  the  unclean  thrusts  into  view  its  ugly  head,  a  sort  of 
physical  revulsion  may  silence  laughter.  The  latitude  in  these 
matters  conceded  from  time  to  time  to  comic  art  will,  it  is 
evident,  vary  greatly  with  the  particular  ratio  between  the 
vigours  of  the  mirthful  and  moral  tendencies"  (page  377). 


12  CHESTER  ELIJAH  KELLOGG 

"In  modern  literature,  the  interesting  point  to  note  is  the 
growing  interpenetration  of  the  laughing  and  the  serious  at- 
titude, and  the  coalescence  of  the  mirthful  spirit  with  sentiment. 
The  two  processes,  though  distinct,  may  rim  on  together,  as  we 
may  see  in  Shakespeare's  plays.  The  humorous  element  intro- 
duced by  the  fool  in  'Lear*  and  elsewhere,  at  once  relieves  the 
tragic  tension,  and  gives  a  moment's  play  to  that  disposition 
towards  a  lighter  laughing  criticism  which  is  always  active  when  we 
survey  colossal  folly,  even  though  the  mental  eye  is  at  the  moment 
focussed  for  its  catastrophic  effects.  The  laughter  is  controlled 
and  kept  tenderly  humorous  and  half-sad  by  a  large  reflection, 
which  does  not  lose  sight,  even  at  the  relieving  moment,  of 
the  lamentable  ruin.  It  is  only  another  way  of  combining  the 
"fun"  and  the  "pity"  of  it  when  the  master  brings  a  genial 
humour  into  comedy  and  makes  us,  with  his  faithful  follower, 
Bordolph,  half-love  and  more  than  half-pity  the  faulty  knight 
who  so  merrily  entertains  us"   (page  387). 

Further  important  references  are  the  following: — 

Elsenhans.    Lehrbuch  der  Psychologie. 

Kap.  III.  34.  Die  Verbindungen  gleichzeitiger  Geftihle. 
Kap.  III.  39.   Die  aesthetischen  Gefiihle. 

Die  aesthetischen  Mischgefiihle. 
(With  bibliography) 
Geiger.     Bemerkungen   zur   Psychologie    der   Gefiihlselemente 
und  Gefiihlsverbingimgen.  Archiv  f .  d.  gesamte  Psych. 

IV  (1905)  232  fF. 

Lazarus.     Das  Leben  der  Seele.     (Dritte  Auf.  1883)  310  flF. 

Lipps.  Leitfaden  der  Psychologie.  297  ff.  Mischgefiihle. 
Konstellat  ionsge  f  iihle. 

Moulton.  Shakespeare  as  a  Dramatic  Artist.  3d  ed.  The  whole 
book  should  be  read.  There  is  so  much  that  bears 
upon  our  topic  that  it  is  hard  to  single  out  any  one 
part,  but  the  following  passages  are  at  least  repre- 
sentative:   pp.    34;   47-56;   59-6 1 ;   69-73;    325-3^; 

332-335;  340-355- 
■la«hHaii      Theory  of  Good  and  Evil.     Vol.  II,  ^     \^   (not  ft 

echnical  discussion,  but  suggep^^'ve.) 

'  ,t   -       /irMin-c  -»{  Psy^ho^ogy.    pt  f 
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Santayana.     The   Sense  of  Beauty.     Part  IV,   especially  pp. 
216-7,  224-5;  sections  57,  58;  pp.  247-250;  255;  259. 
Titchener.     Feeling  and  Attention;  especially  pp.  46-55. 
Wirth.    Vorstellungs-  und  Gefiihlscontrast.    Zeit.  f.  Psych,  18, 

p.  49  ff. 
Wundt.     Grundziige  der  physiologischen  Psychologie.    Zweiter 
Band.    337-341.    Das  Contrastprincip  der  Gefiihle  341- 
353.    Verbindungen  der  einfachen  Gefiihle. 


REPORT  OF  EXPERIMENTAL  WORK 

The  experiments  now  to  be  reported  were  carried  on  in  the 
Harvard  Laboratory,  during  both  semesters  of  191 2-1 3  and  the 
first  semester  of  1913-14.  In  1912-13  the  subjects  were  five 
men  and  three  women,  one  of  the  men,  "M",  dropping  out  at 
midyears;  in  1913-14,  six  men  and  one  woman.  One  of  the 
men,  "K",  worked  throughout,  the  other  subjects  of  the  second 
year  being  new.  All  had  had  some  experience  in  laboratory 
work. 

Our  task  was  to  produce  feelings  as  normal  as  possible  imder 
laboratory  conditions,  and  in  such  a  manner  as  to  lead  to  in- 
terference. For  materials,  picture  postcards  and  pictures  cut 
from  magazines,  with  a  few  from  surgical  bodes,  were  used. 
The  better  reproductions  of  classical  paintings  were  avoided 
because  of  the  difficulty  of  obtaining  sufficiently  similar,  but 
unpleasant,  materials. 

Interference  was  secured  by  exposing  two  pictures,  generally 
one  pleasant,  the  other  unpleasant,  alternately,  in  a  slightly  modi- 
fied form  of  the  Dodge  tachistoscope.  (R.  Dodge,  An  im- 
proved exposure  apparatus.  Psych.  BuU.  4:  Jan.  1907,  pp.  10- 
13.)  The  accompanying  diagrams  indicate  roughly  the  arrange- 
ment of  the  apparatus.  The  general  method  rests  upon  the  known 
tendency  of  feelings  to  persist  (cf.  the  extract  from  Hoffding 
in  Introduction),  and  upon  the  qualitative  opposition  of  feelings. 
These  two  opposed  tendencies  give  something  definite  to  be 
worked  out,  while  variation  of  the  rate  of  alternation  serves 
as  an  objective  check  upon  introspection,  and  may  lead  to  some 
insight  into  the  rhythm  of  feelings. 

In  order  to  avoid  distraction  and  external  sources  of  feeling 
as  far  as  possible,  the  work  was  carried  on  in  one  of  the  inner 
rooms  of  the  laboratory,  the  walls  of  which  are  painted  a  dull 
')lack.  General  illumination  was  secured  b^'  means  of  a  single 
•Iron  lig'Vit   *n  the  r"Md^**  ^^  th^  '*'^ii''i^.      ^>    ^^  ^hset^'^^    fac^ 


Hood 


Diagram  of  Tachistoscope,  cover  removed 

Following  Dodge,  except  that  the  cards  to  be  exposed  are  inserted  through 
slots  in  the  cover,  instead  of  in  the  sides  of  the  box.  W  W,  ground  glass 
windows;  M  M,  mirrors;  O  O,  objects  to  be  exposed;  S  S  S,  screens  to  con- 
fine the  illumination  to  its  proper  object;  TS,  transparent  mirror.  The 
dotted  lines  indicate  the  path  of  two  parallel  beams  of  light 


Inner 
Room 


General  Akkangement  of  Appakatus 
T,  tachistoscope.  placed  upon  a  shelf,  with  its  double  window  fittiiw  n 
aperture  in  the  partition;  O,  observer;  E,  experimenter.  The  controTi^ 
paratus  was  fastened  by  means  of  clamps  C  to  a  plank  supported  bj  n^ 
rights  above  the  table  in  the  inner  room.  D,  revolving  disk,  witli  Vi^~ 
tures  to  admit  light;  L,  electric  lamp  with  reflector;  P,  large  pullcjr.  G  P, 
graduated  pulleys  for  reflating  speed;  M,  alteniatiiig-ciirr«nt  motor; 
5,  switchs  for  L  and  M.  In  each  trial  the  motor  was  started,  then  the  Uffit 
was  turned  on  for  the  required  time.  At  the  close  the  switches  were  ope 
in  reverse  order. 
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the  rear  of  the  room,  this  light  did  not  interfere  with  the  ex- 
periments, while  the  depressing  effect  of  darkness  was  avoided. 
Each  subject  worked  one  hour  a  week,  always  in  the  morn- 
ing. No  attempt  was  made  to  keep  the  work  rigidly  systematic. 
The  number  of  trials,  and  the  materials  used,  depended  upon 
the  tendencies  and  success  in  observation  of  the  various  sub- 
jects. In  the  early  stages  of  the  work  the  material  was  to  some 
extent  selected  by  the  subjects,  the  latter  being  asked  to  grade 
large  numbers  of  pictures  roughly,  as  more  or  less  pleasant  or 
unpleasant.  From  the  material  thus  grouped,  the  experimenter 
chose  that  to  be  used  in  the  reg^ar  work.  When  the  experi- 
menter became  somewhat  familiar  with  the  tendencies  of  the 
subjects,  this  method  was  dropped. 

The  work  was  divided  into  the  following  sections : 

A    (191 2-1 3) — rate  of  alternation  in  individual  trial  constant. 

1.  Preliminary  trials. 

2.  Tracing  of  the  course  of  the  feelings. 

3.  Description  of  the  feelings. 

4.  Combination  of  2  and  3. 

B     (1913-14) — rate  of  alternation  varied  during  the  trials. 

1.  Attention  normal. 

2.  Attention  controlled. 

3.  Experiments  on  distraction. 

(The  rates  of  alternation  used  ran  from  ten  exposures  per 
minute  to  about  one  hundred  fifteen). 

A  summary  of  the  methods  and  results  in  each  of  these,  with 
samples  from  the  introspections,  will  now  be  given.  (In  con- 
nection with  the  quotation  of  introspection  the  condition  of  the 
subject,  unless  otherwise  noted,  is  normal.) 

A.  I.  The  preliminary  trials  were  intended  to  give  the  ob- 
servers training  in  the  special  type  of  introspection  necessary, 
and  to  try  out  the  possibilties  of  the  method.  With  the  latter 
purpose  in  mind,  no  attempt  was  made  to  keep  these  trials 
systematic.  Promising  trials  were  followed  out  with  each  sub- 
ject, until  it  seemed  clear  what  should  be  done.  A  few  repre- 
sentative introspections  may  be  given. 

In  these  preliminary  trials,  the  directions  were  only  general. 
The  subjects  were  requested  to  give  themselves  up  to  the  ex- 


i8  CHESTER  EUJAH  KELLOGG 

perience  in  a  perfectly  normal  way,  and  report  upon  the  feelings 
and  an3rthing  else  that  seemed  of  special  interest  in  the  experi- 
ence, associations  when  these  were  very  noticeable,  etc.  The 
importance  of  this  will  appear  later  on. 

We  will  give  first  a  remarkably  clear  case  of  feeling- 
transference. 

Subject  "F" 

Materials,  Kitten  (sitting  on  a  pedestal)  and  No.  7,   (an  un- 
pleasant surgical  picture.) 

Oct.  3.    Trial  i.     Speed  10.'' 

"The  human  figure  was  sickening,  repulsive.  The  cat  picture 
came  as  a  relief ;  it  looked  snug,  cozy,  contented.  The  repulsive 
human  figure,  however,  was  stronger  and  began  to  lessen  the 
relief  derived  from  the  cat.  I  notice  five  minutes  after  ob- 
serving the  two,  that  the  kitten  comes  unforbidden  as  an  imag« ; 
the  human  figure  I  get  by  a  decided  effort."® 

Trial  2.     Speed  19. 

"The  second  observation  of  the  two  pictures  under  more  rapid 
change  was  more  tolerable,  the  human  figure  made  less  im- 
pression than  in  the  former  exposure,  the  moments  of  relief 
were  more  prominent  than  before.  Anticipating  the  human 
figure  created  an  incipient  shrinking  attitude,  while  that  pre- 
ceding the  cat  created  a  welcome  attitude." 

Trial  3.    Speed  36. 

"The  speed  during  third  observation  made  the  size  of  the 
human  figure  more  effective;  it  dominated  the  field,  b^^an  by 
eliminating  the  effects  of  the  small  picture  of  the  cat  Then, 
too,  the  cat  is  not  as  attractive  as  in  Obs.  i.  I  have  discovered 
a  blemish  in  her  left  foreleg  which  lessens  the  attractiveness 
of  the  picture."  (In  the  picture,  there  is  a  very  slight  rougfani 
n  the   fur.) 

Trial  4.    Speed  20. 

"The  human  figure  is  absorbing  that  of  the  cat     It  ;    9 
^s  if  the  cat  sat  on  the  human  figure  as  a  sort  of  backgr 
J  found  myself  wondering  how  near  the  wound  are  t      < 
:eet,  where  would  its  head  come,  etc." 


The  figures  for  speed  here  and  elsewhere  represent  pairs  of 

'  minute,    ^^he  length  of  each  trial  in  this  series  was  about  half  a  mfimtei 
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Oct.    17.     Trial  2.     a.   (a  garden  with  a  path)   and  Kitten. 
Speed  10. 
"(a)  pleasant;  kitten  has  lost  her  pleasantness.    Swelled  place 
on  leg  catches  attention.    Unpleasant  associations  still  last." 

Trial  3.     Speed  10.     Kitten  and  Ancient  (a  caricature  of  an 
old  maid). 
"Kitten  not  as  disagreeable,  largely  due  to  background.    Other 
largely  due  to  brightness.    Both  disagreeable,  but  kitten  less  so. 
Kitten  has  lost  some  of  the  offensiveness,  the  imtidiness." 

Nov.  7.  Trial  4.  Kitten  and  Two  Fishermen,  (humorous.) 
Speed  10.  40  seconds. 
"Feeling  aroused  was  a  continuous  one,  humorous.  Smiled 
throughout,  the  smile  persisted  during  "cat"  exposure.  The 
cat,  however,  lessened,  but  did  not  suppress  the  humorous  feel- 
ing. The  latter  may  be  represented  by  waves  or  billows,  with 
the  cat  in  the  trough,  and  being  borne  up  by  the  pleasant  tone 
thus !" 

"F"  had  forgotten  his  previous  experiences  with  this  kitten. 
He  informed  me  that  he  liked  cats,  and  could  not  account  for 
his  dislike  in  this  case.  I  believe  that  the  whole  apperceptive 
attitude  and  feeling  persisted  from  the  surgical  picture,  and 
fixed  upon  the  very  slight  defect  in  the  picture  of  the  kitten. 

The  following  selections  bring  out  the  influence  of  the  various 
speeds : 

Subject  "I".    Oct.  24 

Trial  I.  Brook  in  Middlesex  Falls  and  It  (a  dude).  Speed 
10.  20  seconds. 
"Pleasant  picture  produced  more  of  an  impression;  noticed 
tendency  merely  to  stare  at  the  other.  Very  strong  feeling  tone 
for  the  pleasant  picture,  mildly  tmpleasant  tone  for  the  other. 
Running  water  very  strong  impression,  kinaesthetic  imagery  held 
over.  "It"  forgotten  as  soon  as  he  disappeared.  Pleasant  feel- 
ing lasted  a  little  while.  Other  picture  delayed  in  coming  in; 
lines  just  stood  there  blankly  for  an  instant." 

Trial  2.    Material  same.     Speed  19.    20  seconds. 

"Very  much  the  same.  .  .  .  Great  persistence  of  the  picture 
of  the  brook,  active  associations  .  .  .  enter  into  scene.  Other 
regarded  more  impartially;  man  does  not  seem  so  real,  does 
not  take  hold  so  much." 
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Trial  3.     Same.     Speed  36.    20  seconds. 

"Harsher  aspects  of  man  come  in  more  strongly.  Pleasant 
did  not  have  time  to  develop  fully ;  apparently  pleasantness  takes 
longer  to  come  as  well  as  longer  to  go.  Feelings  more  evenly 
balanced." 

The  following  trial  with  the  same  subject  gives  a  case  of 
fusion. 

Trial  4  of  same  date.  "It"  and  No.  24  (a  house)  (24  chosen 
as  mildly  pleasant  by  "I".     Speed  10.     20  seconds. 

"Foolish  picture  had  the  advantage.  No  persistence  of 
imagery,  but  feeling  tone  seemed  to  fuse  with  the  other.  "24" 
is  given  a  slightly  disagreeable  tone." 

Increase  of  speed  in  the  next  trial  again  favored  the  un- 
pleasant. 

Subject  "M"  frequently  reported  parallel  feelings,  as  in  the 
following  cases: 

Oct.  18.  Trial  i.  Fabriola  and  No.  41  "M"  sleepy.  Speed  19. 
45  seconds. 
"Two  streams  of  feeling,  one  serious  and  the  other  comic 
A  sort  of  continuity.  The  streams  run  along  parallel,  varying 
in  strength  according  to  the  pictures  in  view.  Both  pleasant,  but 
in  a  different  way." 

Trial  2.    Same.    Speed  10.    40  seconds. 

"A  little  change  .  .  .  familiarity.  Feeling  decreased,  but 
equally.  The  streams  got  so  thin  sometimes  that  they  broke. 
Otherwise  similar  to  previous." 

Trial  3.    Same.    Speed  29. 

"Village  schoolmaster  more  comic,  thought  of  that  picture 
more.  The  stream  of  comic  feeling  was  unbroken,  not  sure 
about  the  other." 

3ct.  25.     Trial  i.     "Mona  Lisa"  and  "God  Help  the  Poor 
Sailors"  etc.    (a  comic  drunk)    "M"  sleepy.     Speed  10. 
60  seconds. 
"One  funny,  the  other  pleasant.  .  .  .    No  noticeable  change 

n  course  of  trial.     Two  streams  of  feeling,  emphasised  in  crf- 

^rnation." 

Dct.  25.     Trial  6.     La  Vergine  Affli*^^  and  Two  Fishermen. 
Speed  10.    40  seconds. 
"One  agrc^blf  otb**^  ^imnv   ir  -^rwkh    i     fJ^^^eline"  ^or^r  t?<  '•^ 

Mr  omrVionf  ' 
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With  pleasant  and  unpleasant  there  seems  to  be  more  in- 
terference. 

Oct.  25.  Trial  3.  Whittier  Falls  and  No.  92.  Speed  10.  20 
seconds. 

"One  pleasant  all  the  time,  the  other  disgfusting.  Contrast 
made  pleasantness  stronger,  and  the  pleasantness  seemed  to  last 
and  be  contrasted  with  the  disgust  during  exposure  of  **^2." 
This  was  not  true  in  the  other  direction.  The  pleasant  feeling 
was  pure. 

Subject  "I"  was  especially  sensitive  to  the  effect  at  transition. 

Oct.  3.    Nos.  7  (surgical)  and  17  (landscape).    Speed  24. 

"Landscape  first  .  .  .  seemed  all  the  way  through  as  if  it 
were  exposed  longer  than  the  man.  During  the  first  half  of 
trial,  agreeable  outweighed  disagreeable  feeling.  Then  the  dis- 
agreeable began  to  come  in  stronger.  Began  to  think  more 
about  the  man.  But  that  lasted  only  a  short  time.  Then  came 
a  return  to  first. 

"Seemed  to  anticipate  the  pleasant  picture;  trees  loomed  up 
through  the  other  picture  before  transition.  Landscape  more 
complex.  Disagreeableness  of  other  gave  way  at  times  to 
monotony.  Transition  contrast  worked  in  favor  of  pleasant. 
Did  not  accentuate  the  other." 

Oct.  10.  Boy  in  Red  (Le  Brun)  and  No.  12.  Speed  10.  2a 
seconds. 
"Two  make  practically  the  same  amount  of  impression.  At 
moment  of  transition  always  a  little  discomfort.  With  the 
agreeable  picture  this  was  immediately  followed  by  a  contrast 
effect,  more  agreeable  than  otherwise.     With  the  disagreeable, 

the  feeling  accumulates." 

Trial  4.  No.  49  and  Madame  Recamier.  Speed  10.  20  seconds. 
"Madame  made  stronger  impression.  Contrast  very  marked, 
more  so  in  transition  to  the  unpleasant.  Other  way,  disagree- 
able feeling  seemed  to  carry  over,  so  in  this  direction  there  was 
subtraction.  Seemed  to  attach  less  real  meaning  to  the  bad  one 
than  to  the  other." 

Subject  "K"  seems  occasionally  to  have  objectified  the  tran- 
sition effect  in  a  curious  way. 

Oct.  9.    Trial  7.    No.  92  and  Mona  Lis^.    Speed  y2. 

"Change  unpleasant  for  eyes.  Spite,  competition  going  on. 
Indifferent  about  competition,  yet  wanted  to  see  pleasant  picture, 
couldn't  get  enough  of  it  at  that  rate." 
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Trial  9.     Same.     Speed  48. 

"Feelings  more  marked,  more  time  to  notice  every  feature. 
Two  pictures  seem  to  be  fighting.  Pleasant  one  is  disdainful, 
admiration  for  her  increased." 

Trial  10.     Same.    Speed  20. 

"The  fight  is  over  now,  and  the  pictures  are  separately  related 
to  me.  Mona  looks  more  serene  now, — feeling  of  pleasantness 
greater.    Other  unchanged." 

Such  results  are  quite  frequent  with  this  subject,  and  occur 
occasionally  in  the  work  of  some  of  the  others. 

The  above  selections  are,  I  think,  sufficient  to  show  the  nature 
of  the  problem,  which  was  the  purpose  of  this  section  of  the 
work.  Accordingly  we  may  leave  the  preliminary  experiments 
without  attempting  any  more  complete  report. 

A.  2.     Tracing  Course  of  Feelings. 

The  method  of  this  section  was  suggested  partly  by  the  na* 
ture  of  some  of  the  introspections  given  in  the  preliminary  trials, 
partly  by  the  familiar  criticism,  concerning  so^alled  'mixed 
feelings,'  that  these  states  may  be  really  cases  of  rapid  alterna- 
tion (cf.  e.g.  Titchener,  Textbook,  p.  236).  It  was  thought 
that  this  question  could  best  be  settled  by  concentration  upon 
the  temporal  aspect  of  the  experience.  In  this  connection  a 
reply  to  a  common  form  of  the  above  criticism  may  be  offered. 

We  often  hear  of  an  alternation  too  rapid  to  notice  as  an 
explanation  of  mixed   feelings,  divided  attention,  etc.     Now, 
while  this  explanation  may  possibly  serve  physiologically/— I  do 
not  care  to  discuss  that  question  here — ^psychologically  it  <     i 
hardly  be  valid.    An  alternation  too  rapid  to  be  detected  is 
a  conscious  alternation,  and  it  is  consciousness  with  which 
are  concerned  at  present.    Hence,  I  feel  no  hesitation  in  ace 
ing  the  results  of  careful  introspection,  given  immediately  a 
a  brief  exposure  of  the  stimuli.    With  long  trials,  I  should 
some  hesitation  owing  to  the  liability  of  confusion  in  mem     k 
This,  however,  brings  up  an  interesting  problem.     Suppose 
mixed  parallel  feelings  are  reported.    The  suggestion  of  a  c 
fusion  in  memory,  some  sort  of  telescoping  of  the  expei 
fnav  Ka  valid  as  against  <^he  tru^h  o^  the  sta<"ements       ^h  1 
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gard  to  the  experience  during  the  trial.  But  what  of  the 
experience  at  the  time  when  the  statements  are  made?  The 
statements  must  have  some  basis.  Then  do  we  not  face  a  choice 
between  belief  in  affective  imagery  and  belief  in  mixed  feelings? 
I  assume  that  every  judgment  has  some  basis  in  present  ex- 
perience even  though  its  reference  is  to  the  past.® 

In  order  to  understand  more  easily  the  reports  of  my  sub- 
jects, I  occasionally  tried  an  experiment  with  myself  as  sub- 
ject. A  few  of  these  were  recorded,  and  I  will  quote  them 
under  my  own  name,  to  keep  them  distinct  from  the  work  of 
the  subjects.  This  is  in  deference  to  the  opinion  of  those  who 
hold  that  the  experimenter  should  not  make  use  of  his  own 
introspection.^^ 

As  an  introduction  to  the  general  method  of  the  present 
section,  I  will  quote  one  of  these  forbidden  introspections. 

Kellogg 

Nov.    I,   1912.     Fairly  good  condition,  a  bit  sleepy.     Speed 

10.       (Length    of    trial    could    not    be    recorded,    about 

a  minute,  at  a  guess).     No.  3   (surgical)  and  What  are 

you  Laughing  At   (comic). 

"The  exposures  of  3  seemed  to  grow  longer,  of  other  shorter, 

as  trial  went  on. 

"3  came  first,  bare  apperception,  not  a  trace  of  feeling.  Other 
slightly  humorous.  .  .  . 

"Second  exposure  of  3  very  disgusting.  No  empathy  or 
sympathy  noticed  in  whole  trial,  just  disgust.  In  one  or  two 
scattered  exposures  the  feeling  seemed  to  lose  hold  somewhat, 
but  in  general  it  increased  during  the  trial. 

"At  first  the  feelings  were  broken  off  sharply  with  the  shift- 
ing. Then  the  disgust  beg^n  to  get  the  upper  hand,  began  to 
hold  over,  but  there  was  at  first  no  blending.  The  disgust  simply 
held  the  humor  back.  I  noticed  that  I  tried  to  get  the  humor 
and  get  rid  of  the  disgust.  This  failed;  the  delay  continued. 
Then  the  effect  changed  again.  The  disgust  lasted,  and  the 
humor,  though  delayed  a  little,  began  to  come  in  before  the 

•  Cf.  Russell,  "The  Problems  of  Philosophy,"  p.  91 

^  Cf,  the  discussion  by  AlechsieflF,  in  Section  III  of  his  article  on  "Die 
Grundfonmen  der  Gefuhle**  Psych.  Studien  3  (1907),  pp.  156-271. 
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disgust  was  gone.  -  The  disgust  began  to  hold  over  longer  and 
longer  each  time,  until  finally  it  was  continuous.  Its  strength 
in  the  intervals  also  increased,  until  at  the  end  the  feeling  was 
as  strong  when  the  picture  3  was  absent  as  when  it  was  present. 
At  the  same  time  the  humor  began  to  come  in  more  nearly  at 
the  beginning  of  the  exposures,  overlapping  more  and  more. 
Then  there  was  anticipation  of  it  during  the  close  of  the  ex- 
posure of  3,  and  finally  this  feeling  too  seemed  to  be  continuous. 
The  simultaneity  of  the  two  incongruous  feelings  seemed  queer. 
Then  a  new  feeling  of  displeasure  at  the  situation  came  in,  and 
I  stopped  looking. 

"The  shifting  as  such  was  never  other  than  indifferent.  Did 
not  notice  any  eye-strain. 

"The  two  feelings,  when  finally  simultaneous,  seemed  to  be 
partially,  but  only  partially,  fused.  I  could  not  say  that  there 
was  a  thoroughly  unified  resultant  emotion. 

"This  partially  fused  emotion  was  taken  in  a  somewhat  im- 
personal way.  My  attitude  was  to  a  slight  extent  that  of  a 
disinterested  spectator,  until  suddenly  the  feeling  was  strongly 
realized  as  my  own,  and  the  new  displeasure  mentioned  above 
came  at  once.  .  .  . 

"As  the  feelings  were  growing  towards  fusion,  I  found  my- 
self  saying.   What   is   so    funny,   anyway? 

"The  visual  imagery  did  not  generally  hold  over.  Once,  about 
the  middle,  imagery  of  3  did  last  into  exposure  of  other 
picture." 

In  the  work  of  this  section  no  attempt  at  rigorous  analysis 
of  the  feelings  was  made.  They  were  for  the  most  part  merely 
named  as  well  as  might  be.  The  subjects  were  asked  to  attend 
carefully  to  the  time  order  of  the  feelings. 

In  order  to  get  further  light  on  the  mutual  influence  of  the 
feelings,  check  experiments  were  often  made  use  of.^^  In  these, 
the  pictures  of  the  main  trial  were  alternated  with  a  plain  white 
card,  or  with  a  period  of  darkness. 

The  check  trials  for  the  above  were  made  with  the  following^ 
results : — 

^In  all  that  follows,  introspections  should  be  read  carefully,  in  groups- 
check  trials  with  main  trials,  and  trials  with  different  speeds.  Much  tlut 
seems  wholly  trivial  in  the  rough  statements  of  the  notes,  is  full  of  meaning 
"'hen     »i»H  «n  this  way. 
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What  Are  You,  etc.,  and  darkness  interval.  Speed  10,  about 
half  a  minute. 

"Feeling  mild  humor,  continuous.  No  breaks  in  intervals. 
Did  not  weaken  in  intervals  either,  except  once,  slightly,  about 
middle  of  trial.    General  course  practically  level. 

"Intellectual  attitude  in  intervals  shifted,  sometimes  reminis- 
cent, sometimes  expectant. 

"The  coming  of  the  dark  intervals  was  a  trifle  disagreeable 
sometimes.  At  these  times,  the  humor  was  a  little  impeded  just 
at  the  beginning  of  the  dark  period,  but  there  was  no  break. 

"No  visual  imagery  in  intervals." 

No.  3,  same  way. 

"First  time,  bare  apperception.  Then  in  the  later  exposures  a 
mild  dislike  came  in.  Varied  in  strength.  .  .  .  There  was  a 
period  of  indifference  in  the  middle  of  the  trial.  Picture  seemed 
a  little  unreal  throughout.  Disgust  was  very  mild.  Anticipa- 
tion came  into  some  of  the  intervals,  and  there  was  some  unpleas- 
ant feeling  then.  Usually  the  feeling  dropped  at  once  at  close 
of  exposure,  but  occasionally  it  died  away  slowly.  Sometimes 
it  was  cut  off  sharply  by  a  pleasant  feeling  which  came  from  the 
richness  of  the  black.    No  visual  imagery." 

(I  believe  now  that  the  duration  of  these  trials  was  considerably 
longer  than  the  estimate  quoted  from  the  notes.  I  may  add 
also  that  the  experience  of  the  main  trial  made  a  very  vivid  im- 
pression upon  me.  At  various  times  for  some  weeks  thereafter 
I  found  it  possible  to  go  through  it  in  memory  with  no  external 
aids.  Even  now,  in  March,  191 4,  when  writing  out  the  passage 
referring  to  the  partially  fused  experience,  I  had  a  similar  feeling, 
a  complex  of  pleasure,  displeasure,  and  a  marked  tension,  with 
faint  traces  of  visual  imagery.  This  being  so,  I  can  hardly  doubt 
the  validity  of  the  original  report.) 

Another  example  will  serve  to  show  the  need  for  care,  as  the 
displeasure  changed  to  sympathy  before  the  parallelism  came  in. 

Kellogg 

Nov.  15,  1912.    Excellent  condition.    Speed  24.     Time  seemed 
about  a  minute.     Sunset  at  Woods  Island  and  Dachshund. 

"Dog  first,  seemed  long  exposure.  Cold  recognition.  Sunset 
pleasant  as  soon  as  seen,  mild  feeling.  Dog  very  slightly  un- 
pleasant next  time.     Then  for  a  few  exposures  attention  was 
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rhythmical.  Sunset  vivid  and  pleasantness  stronger,  but  stopped 
with  picture.  Exposures  of  dog  almost  a  blank,  but  a  trifle  dis- 
agreeable. Then  attention  suddenly  shifted.  Dog  was  the 
stronger  for  one  or  two  exposures,  but  sunset  not  inhibited  to  so 
large  a  degree  as  dog  had  been.  Then  the  process  seemed  to 
get  mechanized;  a  pulse  of  attention  (a  slight  tension  noticed) 
for  each  picture,  not  quite  at  beginning  of  exposure.  I  seemed 
to  favor  this  rhythm.  The  transition  from  one  feeling  to  the 
other  was  very  interesting.  Feeling  for  dog  gradually  became 
more  sympathetic  and  very  slightly  humorous.  Then  the  feelings 
b^an  to  hold  over;  did  not  inhibit  each  other,  but  overlapped. 
At  end  of  trial  both  were  continuous,  and  from  merely  running^ 
parallel  they  began  to  fuse.  Seemed  to  form  one  feeling,  regard- 
less of  alternation. 

"The  shifting  was  not  unpleasant  as  such.  Difference  in  ^e 
accommodation  for  two  pictures  seemed  to  influence  attention  at 
first.    Then  became  mechanized  and  was  no  longer  noticed." 

The  greater  part  of  the  work  in  this  section  was  done  with 
speeds  lo,  24,  and  36.  Examples  will  now  be  given  from  the 
results  with  each  subject.  In  several  cases,  the  same  material 
was  used  with  various  subjects,  but  in  any  case,  consideration  of 
the  individual  differences  is  of  interest. 

Subject  "J" 
Oct.  31,  1 91 2.     A  little  excited,  mild  unpleasantness. 

Trial  i.    Speed  10.    10  seconds.    No.  3  and  dark  interval. 

"Two  exposures,  light  grows  slowly,  attention  concerned  wholly 
with  light  at  first.  Then  picture  broke  upon  consciousness, — a 
tremendous  pulse.  Grew  to  its  height  just  as  the  light  b^;an 
to  fade  again.  ( Strong  bodily  reaction. )  Feeling  faded  a  good 
deal  with  the  light,  but  an  amount  of  unpleasantness  remained* 
and  this  lasted  right  through  the  interval.  Second  exposure 
merely  continued  this  feeling." 

Trial  2.  Speed  10.  10  seconds.  Georgetown  Road  (a  road  at 
the  university),  and  dark  interval. 

"Three  distinct  pulses  of  consciousness  in  the  first  exposure; 
I,  perception,  clear  and  distinct  by  itself;  2,  Tve  seen  that  before* 
in  inner  speech ;  3,  mild  pleasantness.  Feeling  persisted  through 
interval,  also  perseveration  of  "2." 

"Second  exposure,  associations,— Berlin,  etc.,  but  feeling-tone 
not  increa«'^d.     After^arH*;   "fr-^linp  o^  T^^'*3<^n+ness  ir>^r^«se^ 
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Trial  3.    Speed  10.    20  seconds.    No.  3  and  Georgetown  Road. 

'3  came  first,  came  with  a  shock,  but  not  so  much  feeling. 

(Road),  no  feeling  till  towards  end,  not  very  strong. 

'3  next,  indifferent. 

'Road,  pleasantness  came  in  a  little  earlier  and  was  stronger. 

'3rd  exposure  of  3  indifferent. 

'Road,  race  of  'peristaltic'  feeling.     A  very  vague,  fleeting 
feeling  of  pleasantness,  scarcely  above  indifferent. 
"Two  curves  entirely  discontinuous." 

Nov.  14,  191 2.  Trial  i.  Speed  24.  40  seconds.  Audrey  Burton 
(from  Red  Book)  and  Mosquito  (magnified). 
"The  bug  first,  just  a  flash  of  exposure;  then  the  other,  purely 
intellectual.  2nd  exposure  of  bug  cold  too.  Then  girl  again, 
very  pleasant.  For  a  while  alternation  of  pleasure  and  indiffer- 
ence, sharp  cut.  Then  came  a  desire  to  see  more  of  the  portrait ; 
other  attracted  attention  less.  At  end  imagery  of  outline  of 
portrait  was  seen  upon  the  other  picture,  and  pleasantness  held 
over." 

Trial  2.    Speed  24.    20  seconds.    Mosquito  and  white  card. 

"Whole  time  in  blooming  wonder  as  to  what  the  thing  was. 
Blank  card  entirely  too  bright ;  tension,  strain,  all  the  time,  yet  a 
great  deal  of  interest.  Desire  to  find  out  what  was  there,  mildly 
pleasant." 

Trial  4.  Speed  24.  20  seconds.  Audrey  Burton  and  white  card. 
"Pleasant;  she's  a  dear.  .  .  .  When  attention  is  concentrated 
sharply,  feeling-tone  disappears.  Tried  this  with  the  after  image. 
(Negative  after  image  came  on  the  other  card.)  General  organic 
sensations  and  tonus  of  body  continue,  but  feeling-tone  disap- 
pears. Pleasure  continuous,  except  when  attention  is  strained." 
(N.  B.) 

Nov.  21,  1912.    Speed  36.    40  seconds.     (Heavy  organic  feeling 

all  over,  just  slightly  unpleasant.)     Lovers'  Retreat  (East 

Northfield)  and  No.  38. 

"First  an  effort  of  adjustment,  focusing  of  attention.     Time 

very  short.     Both  indifferent  till  very  near  close.     Then  dog 

called  up  associates,  pups  in  Berlin — feeling  of  amusement.  Tried 

to  get  the  woods  clear,  but  no  feeling  for  this  picture  at  all.  When 

attention  is  focused  upon  one  picture  the  other  is  just  a  blur.    A 

good  deal  of  strain  in  the  experience.     Sensations  localized  in 

solar  plexus,  in  eyes,  and  in  forehead." 

Trial  2.     Speed  36.     40  seconds.     Lovers'  Retreat  and  dark 
interval. 
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"Logically  pleasant,  in  a  few  cases  a  relief  from  the  general 
feeling-tone.     Connected  with  empathy.     Not  positively  pleas- 
ant, merely  inhibited  general  unpleasantness/' 
Trial  3.    Speed  36.    40  seconds.    No.  38  and  dark  interval. 

"Colors  clear,  outUnes  difficult  to  grasp.  No  feeling  except 
a  slight  relief  from  organic  sensations.  After  about  half  the 
time  turned  his  attention  to  transition  from  picture  to  interval. 
Organic  sensations  disappeared  with  picture  each  time  and  then 
swept  back  in  interval." 

Subject  "I" 

Oct.  31,  1912.  (Fairly  pleasant)  Speed  10.  10  seconds.  No.  3 
and  dark  interval. 

"Grew  continually  more  disagreeable;  at  its  height  when  light 
was  cut  off.  Image  lasts  and  feeling-tone  lasts  with  it.  Image 
died  out  first,  then  feeling  faded ;  but  when  picture  came  ag^n 
the  feeling  seemed  to  connect  with  a  process  still  going  on; 
no  break.  Feeling  for  second  exposure  stronger.  Seemed  to 
begin  where  the  other  left  off. 

"At  the  very  beginning,  a  noticeable  interval  for  apperception. 
First,  just  something  on  paper,  then  gradually  seemed  to  repre- 
sent an  actual  experience  of  a  person." 

Trial  2.     Georgetown  Road  and  dark  interval.     Speed  10.     10 
seconds. 
"Feeling-tone  came  out  very  quickly.    Almost  felt  as  if  running 
to  meet  it.    It  developed  continuously,  increased  to  very  end.  Per- 
sistence of  image  in  interval  much  more  marked." 

Trial  3.    No.  3  and  Georgetown  Road.    Speed  10.    20  seconds. 

"Visual  image  of  road  as  mere  sense-impression  lasted  longer 
and  came  more  immediately  to  clear  focus  at  each  new  exposure. 

"Feeling-tone  of  injured  man  lasted  even  during  recognition 
of  road.  Whatever  sympathetic  processes  were  made  active  by 
the  unpleasant  picture  were  less  easily  inhibited  than  those  from 
the  pleasant  picture  which  were  more  easily  excited  in  the  first 
place." 

Nov.  14,  1912. 

>ial  I.     Hazel  Troutman   (from    Red    Book)    and    Ancient 
Speed  24.     60  seconds. 
"Preference  very  marked,  improved  at  each  exposure.     Dis- 
pleasure as  much  due  to  the  cutting  off  of  the  good  picture 
*s  to  the  bad  picture  itself.     Contrast  favored  pleasant-  oicturt. 
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did  not  increase  as  trial  went  on.    Pleasantness  did  not  seem  to 
be  entirely  cut  off  by  unpleasant." 

Trial  2.    Ancient  and  dark  interval.    Speed  24.    30  seconds. 

"Certainly  disagreeable  enough;  gets  worse  and  worse.  More 
activity  in  intervals  toward  end  than  at  beginning.  Unpleasant- 
ness continuous.  During  intervals  attended  more  to  feelings. 
This  reinforced  feeling/'    (N.B.) 

Trial  3.    ^azel  Troutman  and  dark  interval.     Speed  24.     30 
seconds. 
"Development  similar.     Continuous  increase  of  pleasantness. 
Same  reinforcement  of  feeling  by  attention  to  it  in  intervals" 

Nov.  21,  191 2.     (Pretty  fair.) 

Trial  i.  Sunset  at  Woods  Island,  and  God  Help  the  Poor 
Sailors,  etc.  Speed  36.  40  seconds. 
"Agreeable  picture  predominated  from  outset.  Persistence 
of  pleasant  feeling  during  exposure  of  ugly  picture.  Involun- 
tarily disregarded  what  was  most  unpleasant  in  picture.  Fixed 
on  the  neutral  features.  This  tendency  stronger  with  each  new 
exposure,  while  sunset  grew  more  and  more  agreeable.  The 
ugly  picture  eventually  grew  meaningless,  except  as  a  rather 
annoying  halting-place  between  exposures  of  the  other." 

Trial  2.    Sunset  and  dark  interval.    Speed  35.    40  seconds. 

"Pleasantness  broken  by  the  blackness  of  the  interval,  as  if 
there  were  a  dark  storm,  and  the  other  scene  were  exposed  by  a 
flash  of  lightning.  Interval  unpleasant.  Feeling  almost  like 
fear.     Almost  destroyed  pleasantness  towards  end." 

Trial  3.     G.H.  the  P.S.  etc.,  and  dark  interval.    Speed  36. 

40  seconds. 

"Imagery  lasted.  Memory  and  anticipation.  Feeling  con- 
tinuous and  increased.  Character  of  feeling  changed: — annoy- 
ance, contempt,  anger." 

Trisd  4.     Sunset  and  white  card  (to  correct  Trial  2).     Speed 
36.     40  seconds. 

"Quite  a  different  effect.  Pleasure  increasing.  More  details 
kept  coming  in.  i,  boat;  2,  boat  and  water;  3,  boat,  water  and 
sky,  etc.     Pleasure  more  extensive. 

"Imagery  lasted  very  slightly.  Feeling  passive,  died  out  rather 
quickly.  Advance  in  feeling  due  to  adaptation.  (Pleasure 
aroused  by  these  pictures  is  usually  passive,  displeasure  active.") 

Trial  5.    The  Lily  Pool,  and  No.  38.     Speed  36.    40  seconds. 
"Very  much  like  exposure  of  the  other  two.     Interest  more 
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active  in  case  of  pleasant  picture.  Awoke  sympathy.  Other 
picture  seemed  comparatively  insignificant,  and  as  before  I  dis- 
regarded unpleasant  features  as  the  pleasant  feeling  of  first  lec- 
ture increased.  Marked  persistence  of  both  imagery  and  feeling* 
from  lily  pool  even  to  extent  of  interfering  with  clear  appre- 
hension of  ugly  picture." 

Subject  "F" 

Oct.    31,    191 2.      (Very    well,    but   has    been    working   with 

asafoetida,  and  the  odor  persists  in  his  consciousness.) 
Trial  i.  Georgetown  Road  and  dark  interval.  Speed  10.  10 
seconds 
"...  A  wave  of  pleasant  feeling  during  first  exposure. 
Feeling  in  interval  comfort,  pleasant  anticipation.  Interval 
seemed  long,  but  not  tedious.  Second  exposure  still  more 
pleasant.  Feelings  in  interval  and  during  exposures  were  of 
different  sorts." 

Trial  2.    No.  3  and  dark  interval.    Speed  10.    10  seconds. 

"Cringing  in  short  first  exposure.  Other  two  were  long. 
In  last  one  the  bodily  reaction  died  away.  The  second  ex- 
posure was  the  most  disagreeable.  .  .  .  Inner  speech  *That*s 
one  of  those  horrid  wounds'.  In  last  one,  curiosity  concerning 
location,  so  height  of  feeling  was  in  first  long  exposure.  Feel- 
ing of  relief  at  close  of  exposure  in  all  three  cases.  The  curios- 
ity in  third  was  like  whistling  to  keep  up  courage.  Cringing, 
etc.,  came  very  quickly.  After  feeling  of  relief,  between  ex- 
posures, there  came  a  curiosity — 'How  did  I  feel?'  but  un- 
pleasant feeling  did  not  persist.  Now  after  trial,  the  imagery 
lasts,  but  the  feeling  is  gone."^^ 

Trial  3.    Georgetown  Road  and  No.  3    Speed  10.    20  seconds. 

"3  first — expectation.  Road — surprise,  great  relief,  feeling  of 
coolness.  On  return  of  3,  feverishness.  This  seemed  to  be 
due  to  influence  of  road  picture, — transference  and  reversal."** 
"Road-relief  not  so  great,  intention  to  enjoy  picture  as  it  passed. 
3  .  .  .  voluntary  aspect  of  reaction, — attention  to  rim  of  wound. 
Same  curiosity  effect  as  before.  ..." 
Trial  4.     Repetition  of  previous. 

"Feeling-tone  less  in  both  cases.  Road  first.  3  dominant 
throughout.     R.  on  the  defensive  against  the  wound  pictuie. 

"C/.  Titchencr,  Feeling  and  Attention,  pp.  61-65. 

^Cf,  the  quotation  frem  Darwin,  Titchcp*'-  Textbook,  p.  487;  also  F*^ 
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Effort  required  to  enjoy;  repulsion  comes  of  itself.  Started 
with  a  low  feeling-tone.  Not  a  strong  feeling  at  the  end.  Feel- 
ing for  R.  gradually  driven  out." 

Nov.  14,  1 91 2.     (Very  well.) 

Trial  i.    Hazel  Troutman  and  Ancient.    Speed  24.    60  seconds. 

"Feelings  sharply  opposed.  Ancient  remained  on  the  same 
level,  attitude  did  not  change.  Young  lady  increasingly  attrac- 
tive. Possibly  the  unpleasantness  was  assimilated  to  tfie  other 
somewhat  and  tolerated.  Tendency  to  idealize  the  good  one, 
read  a  lot  into  it.    Other  just  taken  as  it  is." 

Check  trials  were  made,  but  one  of  them  failed,  as  will  be  seen. 

Trial  2.    Ancient  and  dark  interval.    Speed  24.    30  seconds. 

"Tendency  to  revive  imagery  of  H.T.  in  proper  places. 
Seemed  to  relieve  the  effect  of  this.  Tried  to  follow  directions 
by  centering  attention  upon  this  picture,  but  could  not.  Prac- 
tically a  repetition  of  former  experience." 

Trial  3.     Hazel  Troutman,  same  method. 

"On  the  whole,  the  feeling  rose, — continuous.  Other  'girl' 
butted  in  once  or  twice,  but  did  not  detract.  Came  in  during 
exposures,  not  in  intervals." 

Trial  4.    No.  8  (Niagara)  and  No.  96  (Bowlegs,  comic).   Speed 
24.    40  seconds. 
"Man  more  or  less  comical,  feeling  did  not  increase.    Other — 
awe,  dignity,  power.    Pleasant,  feeling  increased.    This  feeling 
continuous;  feeling  for  man  broken  after  each  exposure. 

Trial  5.    No.  96  and  dark  interval.    Speed  24.    30  seconds. 

"Feeling  not  as  humorous,  unpleasant  aspects  come  in.  Pleas- 
ant at  first,  then  unpleasant  and  stayed  so,  continuous." 

Trial  6.     No.  8,  same  way. 

"...  Intervals  seemed  to  be  same  as  my  winking,  just  as 
if  exposure  were  continuous.  Cool  feeling,  etc.  Bridges 
in  distance  noticed.  More  interest  as  trial  went  on.  Pleasantness 
did  not  increase  .  .  .  continuous." 

Nov.  21,  1912. 

Trial  i.  Lovers'  Retreat,  and  God  Help  the  Poor  Sailors,  etc. 
Speed  36.  60  seconds. 
"At  first  two  distinct  feelings,  (a)  pleasant,  (b)  disgust.  The 
pleasurable  tone  increased  on  its  own  account  and  encroached 
on  the  other.  This  continued  until  the  pleasurable  tone  carried 
over  from  exposure  to  exposure,  thereby  becoming  continuous. 
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the  disgusting  picture  coming  in  as  a  check  or  damper  on  the 
pleasurable  tone}^  The  pleasurable  tone  grew  in  two  directions, 
backward  and  forward,  the  former  as  a  pleasant  lingering  tone, 
and  the  latter  as  anticipatory  and  of  course  pleasant." 

Trial  2.  G.H.  etc.,  and  dark  interval.  Speed  36.  60  seconds. 
"Disgust  at  first,  then  gave  way  to  incipient  sympathy,  then 
gave  way  to  humor.  Noticed  that  everything  was  in  curves. 
No  breaks  in  feeling  during  intervals.  Intervals  hardly 
noticed." 

The  other  check  trial  is  unsatisfactory,  i.e.  as  such.  It  has, 
however,  an  independent  value. 

Trial  3.  Lovers'  Retreat,  and  dark  interval.  Speed  36.  60 
seconds. 
"Intervals  came  in  as  an  interruption.  Blackness  seemed  to 
cut  off  feeling.  Scene  changed  from  a  warm  summer  scene  to 
a  cold  winter  scene.  Began  to  shiver.  Contrast  with  the  warmth 
unpleasant.  Distinct  organic  reaction.  The  shift  was  rapid, 
no  lingering." 

Subject  "H" 
Nov.  I,  1912. 

Trial  i.     Georgetown  Road  and  dark  interval.     Speed  10.    24 
seconds. 

"Was  expecting  a  steady  exposure;  very  much  annoyed  by 
the  black  interval.    This  seemed  longer  than  the  exposure. 

"Feeling  first  pleasure  in  the  subject  of  picture.  Then  seemed 
to  feel  myself  in  that  situation.  Then  the  scene  began  to  shift 
to  my  own  woods.  This  was  cut  off  by  the  ending  of  the 
exposure. 

"Feeling  during  intervals,  annoyance.  Wiped  out  image  of 
picture.     Mind  seemed  to  be  a  blank." 

Trial  2.     (getting  sleepy).     No.  3  and  dark  interval.     Speed 

10.    24  seconds. 

"First  two  exposures,  amazement.     Feeling-tone  for  picture 

self,  sinking,  dread.    Seemed  to  get  ether  smell.    In  last  two 

exposures  feeling-tone  entirely  the  sinking,  dread ;  very  unideas- 

ant.    Dark  intervals  very  pleasant." 

Trial  3.    Georgetown  Road  and  No.  3.    Speed  10.    24  seconds. 
"Pleasure  overbalanced  ^^'^  Hisplea*  ir^     ^t^  surp^"*^  this  time; 
Mnkmgf  no*:  noticed. 
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"Pleasant  feeling  begins  the  moment  the  picture  appears,  just 
the  same  as  real  scenes.  Other  just  slightly  unpleasant.  Made 
a  conscious  effort  to  endure  it.  Less  unpleasant  than  the  black 
intervals  in  case  of  road  alone. 

"Pleasant  feeling  seemed  to  last  during  exposures  of  5,  but 
under  a  mist" 

Nov.  15,  1912. 

Trial  i.  Audrey  Burton  and  Ancient.  Speed  24.  40  seconds. 
"At  first  amused  at  both  of  them.  Caricature  ridiculous,  but 
lost  that  character  after  about  three  exposures.  Audrey  a  little 
bit  silly-looking  at  first,  but  gained  in  pleasantness.  A  very  de- 
cided relief  in  contrast  with  other. 

Trial  2.    A.B.  and  dark  interval.    Speed  24.    40  seconds. 

"Didn't  like  her  posing,  so  shifted  her  all  round,  and  made 
a  pretty  little  girl  of  her." 

Trial  3.    Ancient,  same  way. 

"Terrible.  Dreaded  it  before,  and  could  hardly  keep  still 
while  looking.     No  intervals  remembered;  feelings  unbroken." 

Nov.  22,  1 91 2.     (most  indifferent,  unpleasantness  hangs  over 

from  yesterday.) 
Trial  i.  Hazel  Troutman  and  Ancient.  Speed  36.  40  seconds. 
"Pretty  distinct.  Exposures  of  Ancient  seemed  much  the 
longer  at  first  and  grew  more  so.**^  About  halfway  through 
there  was  a  drop  in  the  attention.  Strain  of  shifting  unpleasant. 
Girl  a  great  relief  in  contrast  with  other.  Ancient  very  annoy- 
ing at  first ;  a  person  making  up  faces,  not  a  caricature.  After 
attention  came  back  the  pleasant  one  was  much  more  prominent, 
its  exposures  seemed  to  grow  longer.  Ancient  not  blotted  out, 
but  effect  diminished.  Pleasant  feeling  lasted  into  exposures 
of  unpleasant,  floated  out  gradually.  Unpleasant  feeling  lasted 
in  opposite  direction,  but  was  cut  off  sharply.  Feelings  did  not 
seem  to  run  parallel  anywhere." 

Trial  2.     H.T.  and  dark  interval.     Speed  36.    40  seconds. 

"Intervals  much  longer  than  exposures.  Girl  very  pleasant, 
but  as  it  went  on,  she  came  to  have  a  pained  expression.  .  . 
didn't  seem  happy.  Intervals  seemed  a  little  annoying,  but  a 
rest  from  the  strain  of  looking; — felt  that  it  was  needed.  Strain 
seemed  to  influence  attitude  towards  picture,  the  interpretation 
of  it." 

"The  illusions  ir  n'^rf^pt'on  nf  time  due  to  different  intensity  of  feelings 
are  worth  notinjr 
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Trial  3.    Ancient,  same  way. 

"Wasn't  conscious  of  any  intervals  at  all  until  about  half  way 
through.  Picture  very  unpleasant  from  the  start.  .  .  .  Feeling 
got  worse  as  time  went  on.  When  intervals  were  first  noticed, 
they  were  a  great  relief.  Last  two  times  anticipation  came  in 
unpleasantly.  Shivers  ran  up  arms  and  back.  Intervals  seemed 
very  short  even  when  noticed." 

The  following  will  serve  as  a  good  illustration  of  the  queer 
things  that  will  sometimes  happen. 

Subject  "L" 

Nov.  I,  1912. 

Trial  2.  Falls  of  Song.  (Ossipee)  and  dark  interval.  Speed  10. 
45  seconds. 
"Got  auditory  imagery,  very  tiresome.  Intervals,  suspense. 
Seemed  to  be  trying  to  hold  the  whole  thing  up.  No  change 
in  strength  of  feeling.  Intervals  seemed  to  be  long.  (Have 
always  had  a  horror  of  falling  water.)" 

Trial  3.    Among  the  Poppies,  and  dark  interval,  same  way. 

"As  a  whole,  feeling  quieting,  but  black  hair  of  one  child 
annoying.  Length  of  intervals  seemed  to  vary.  When  they 
were  long,  felt  a  strain,  tension.  No  other  feeling-tone  during 
intervals.  Strength  of  pleasant  feeling  did  not  vary,  until  black 
hair  was  noticed.  Then  attention  wavered  between  the  hair 
(unpleasant)  and  the  rest  of  the  picture   (pleasant)." 

Trial  4.    Among  the  Poppies  and  Falls  of  Song  same  way. 

"Poppy  feeling  tiring,  children  inquisitive  about  floweiv— 
empathy.  Water  quieting,  pool  at  bottom  pleasant.  No  auditory 
imagery.  Feelings  coextensive  with  the  exposures.  No  changes 
noticed." 

Such  generalizations  as  that  in  Trial  2  do  not  seem  to  be  of 
great  value.  In  addition  to  Trial  4  above,  consider  the 
following : 

Nov.  22,  191 2. 

Trial  6.    Lily  Pool  and  Whittier  Falls.    Speed  10.    20  seconds. 

"Auditory  imagery  of  falls.     Pictures  distinct.     Falls  more 

nvacious,  both  pleasant.    Familiarity  of  pool  lessened  feeling.** 
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Subject  "M" 

Nov.  15,  1912.     (Sleepy.) 

Trial   i.     Sunset,  WcxkIs  Island  and  Dachshund.     Speed  24. 
40  seconds. 
"Dog  funny,  other  slightly  agreeable,  so  feeling  on  the  whole 
agreeable,  very  slightly.     Seemed  like  one  continuous  mildly 
pleasant  feeling." 

Trial  2.    Sunset  and  dark  interval.    Speed  24.    20  seconds. 
"Agreeable,  very  slight  trace  of  feeling,  none  in  intervals." 

Trial  3.    Dachshund,  same  way. 

"Funny  all  through;  feeling  not  broken  by  intervals." 

Nov.  22,  1912. 

Trial  i.  Among  the  Poppies  and  No.  7.  Speed  36.  40  seconds. 
"One  was  positively  disgusting,  the  other  quite  agreeable. 
Transition  from  pleasant  to  unpleasant  a  shock,  imeasiness. 
Transition  in  opposite  direction  a  relief.  Feeling  of  disgust 
the  stronger.  Increased  during  each  exposure.  Both  feelingfs 
increased  as  trial  went  on,  disgust  more  so  than  pleasure." 

Trial  2.     Among  the  Poppies  and  dark  interval.     Speed  36. 
30  seconds. 
"Agreeable  throughout.    Increased  after  the  first  few  expos- 
ures.   Intervals,  agreeable  expectancy." 

Trial  3.     No.  7  and  interval,  same  way. 

"Exposures  as  disagreeable  as  can  be.     Intervals  came  as  a 
sort  of  relief,  then  apprehension  came  in." 

In  the  following  case  this  subject  was  asked  to  pay  particular 
attention  to  the  transitions: 

Nov.  15,  1912. 

Trial  5.  Among  the  Poppies  and  "It".  Speed  24.  40  seconds. 
"Agreeable  and  unpleasant.  Transition  a  shock  in  both  direc- 
tions; tension,  aversion,  and  expectancy,  but  both  slight.  Heart 
beats  noticed  at  transition;  beat  stronger  just  before  good  pic- 
ture; before  the  other  seemed  to  slow  up.  This  was  noticed 
only  a  few  times.  At  increase  of  speed  in  pulse,  a  little  feeling 
of  excitement,  elation.  Pleasantness  comes  as  soon  as  picture 
is  seen.  After  the  good  picture  there  is  a  break  in  the  feeling. 
Uneasiness  comes  with  the  decrease  of  pulse  and  the  unpleasant 
feeling  joins  this  feeling  when  the  picture  appears." 

Trial  6.     Among  the  Poppies  and  dark  interval.     Speed  24. 
30  seconds. 
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"Quickening  of  heart  beat  before  picture,  lasts  through  ex- 
posure, dies  out  slowly  afterwards.  Feeling  of  expectancy. 
Pleasantness  seemed  to  be  correlated  with  pulse." 

Trial  7.     "It"  same  way. 

"Same  effect  reversed.  Feeling  is  stronger  when  the  pictures 
are  alone  than  when  they  were  together." 

Subject  ^'C" 

Nov.  13,  1 91 2.     (A  little  sleepy.) 

Trial  i.    Lily  Pool,  and  What  Are  You  Laughing  At?    Speed 
10.     40  seconds. 
"...  Old  duffer   silly   and  smirky.  .  .  .  Pleasantness    in- 
creased, for  children.    The  unpleasantness  also  increased.    About 
equally  divided." 

Trial  2.    A,  and  fly's  head  (much  magnified).     Speed  10.     40 
seconds. 
"Road  came  first,  pleasant;  later,  only  mildly  so.    Fly — ^first, 
thought  if  was  a  diseased  one,  creepy.    Then  a  fly's  foot.  Then 
a  plant;  interesting,  displeasure  faded." 

Trial  3.    A  and  a  white  card.     Speed  10.    20  seconds. 

"Really  very  nice,  had  no  idea  that  it  was  so  pleasant  Grew 
pleasanter  all  the  time.  Intervals  seemed  fearfully  long,  wanted 
to  get  back  to  it.  Depends  more  on  associations  than  on  artistic 
character." 

Trial  4.    Fly's  head,  same  way. 

"First  just  interested,  then  began  to  think  of  germs,  fly-kill- 
ing contests,  etc.  Felt  flies  crawling  in  hands;  feeling  grew 
worse  and  worse  all  the  time.    Don't  remember  any  intervals." 

Subject  "K" 

Nov.  6,  19 1 2.  (More  cheerful  than  usual,  a  little  sleepy.) 
Trial  2.  Among  the  Poppies  and  white  card.  Speed  la  24 
seconds. 
"Feeling  at  its  maximum  at  the  very  beginning  of  the  whole  ex- 
posure. Bright,  cheerful,  intervals  unpleasant.  Feeling  steady 
during  separate  exposures,  but  decreased  from  beginning  to 
end  of  trial  as  a  whole." 

(This  seems  a  rather  unusual  mode  of  behavior  of  feelings. 

Subject  "H"  reported  a  somewhat  similar  effect  with  this  same 

picture  in  a  check  trial  Nov.   i.     The  "feeling-tone  increased 

up  to  the  sixth  (exposure),  then  diminished.    Intervals  passive. 

Feeling  level  during  single  exposures." 
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Trial  3.    No.  3,  same  way. 

"Revulsion  increased  during  period  as  a  whole,  also  during 
separate  exposures.  Intervals  more  indifferent  than  in  previous 
trial." 

Trial  4.    Among  the  Poppies  and  No.  3,  same  way. 

"Feeling  less  in  both  cases.  Unpleasantness  strongest  just  a 
little  after  beginning.  Pleasantness  best  almost  at  the  beginning. 
At  shifts  just  vacancy.  ..." 

Nov.  20,  19 12. 

Trial  i.  Audrey  Burton,  and  Qod  Help  the  Poor  Sailors. 
Speed  24.  60  seconds. 
"Wasn't  any  sharp  contrast.  Girl  more  pleasant  at  begin- 
ning than  afterwards.  Didn't  pay  as  much  attention  to  the 
man.  One  only  a  picture,  the  other  a  scene,  so  effect  not  exactly 
comparable.  Feeling  for  drunk  picture  sometimes  humorous, 
sometimes  indifferent.  .  .  .  General  effect  of  girl  at  first  glance 
pleasant.     Details  later  not  so  good." 

Nov.  27,  1912. 

Trial  i.    Ekie  Ferguson  and  No.  41  (comic,  wolf  with  hat,  etc.) 
Speed  36.     60  seconds. 
"Pleasant  remained  the  same,  while  the  unpleasant  one  grew 
worse.    Transitions  just  blanks.    At  times  pleasant  one  became 
indifferent,  when  attention  wavered." 

Trial  2.     E.F.  and  white  card,  same  way. 

"Feeling-tone  increased,  intervals  blanks.  Brought  up  the 
image  once  in  an  interval  .  .  .  pleasant  but  faint." 

Trial  3.     No.  41.     same  way. 

"Grew  more  unpleasant,  feelings  a  relief.  Both  feelings 
stronger  when  alone." 


In  addition  to  the  regular  method,  in  which  there  was  hardly 
any  break  between  the  exposures  of  the  two  pictures  used,  another 
method  was  developed  from  that  of  the  check  trials.  Two  pic- 
tures were  used,  in  alternation,  but  with  half  the  former  ex- 
posure-time replaced  by  an  interval,  thus,  a,  interval,  b,  interval, 
etc.  I  hoped  the  results  might  prove  more  directly  comparable 
with  those  of  the  check  trials.  The  method  was,  however,  so 
difficult,  owing  chiefly  to  the  clumsiness  of  the  apparatus,  that 
it  was  used  only  at  one  speed.     The  main  trials  were  at  speed 
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lo,  and  the  checks  at  approximately  double,  19+,  so  that  a,  in- 
terval, b,  interval,  etc.,  is  to  be  compared  with  a,  interval,  a, 

interval,  etc.    It  will  therefore  be  sufficient  to  record  materials 

and  length  of  trial.    The  interval  is  always  darkness. 

Subject  "J-"     Slight  unpleasant  tone 
Nov.  7,  1912. 
Trial  i.    God  Help  the  Poor  Sailors,  etc.    20  seconds. 

"...  Picture  comical  for  a  while,  then  feeling  altered ;  went 
down  below  the  normal  unpleasant  tone.  Due  to  strain  in 
watching,  crooked  lines,  etc." 

Trial  2.    Hazel  Troutman.    20  seconds. 

"...  Mildly  pleasant  tone,  continuous,  right  through  in- 
tervals and  all.    Began  with  a  flash  at  very  first  of  exposure.  .  .  " 

Trial  3.    G.H.  etc.  and  H.T.    20  seconds. 

"Both  distinct  in  their  type,  but  both  pleasant.  H.T.  vcfy 
pleasant.  G.H.  a  joke,  not  drunk  but  making  believe.  O.  watch- 
ing him.^^  Difference  between  the  two  feelings  very  distinct 
Seem  to  arouse  different  complexes  of  org^ic  sensation.  G.H., 
standing  off,  head  back,  hands  on  hips,  etc. ;  other  quite  different 
No  breaks  in  either  feeling,  but  a  sinking  in  the  curve.  Feeling 
for  H.T.  much  the  stronger.  Quickening  of  mental  activity 
during  each  exposure." 

Subject  "F' 
Nov.  7,  1912. 
Trial  i.    Audrey  Burton  and  G.  H.  etc.    40  seconds. 

"During  first  few  exposures  the  unpleasant  picture  showed 
a  somewhat  greater  increase  in  intensity  of  impression.  After 
it  had  reached  a  certain  stage  it  suddenly  seemed  to  become 
uninteresting  and  there  followed  a  sudden  shift  to  the  pleasant 
face;  the  attention  was  thereafter  almost  completely  centered 
here  and  the  feeling-tone  was  increasingly  more  pleasant 

"Feeling-tone  from  ugly  picture  zvas  not  completely  inhibited 
ly  presence  of  pleasant  image  with  its  accompanying  feelings 
tone,  but  gave  rise  to  a  composite  feeling-tone.  The  agreeaUe 
>eling  seemed  more  easily  interrupted,  and  so  far  as  its  effect 

*  In  taking  down  introspection  it  was  occasionally  put  into  the  third  penoil, 
'^'  D.  (observer)  was  used.  The  subject's  phraseology  was  not  othi^wiH 
i'tered.  In  some  cases,  especially  those  which  involved  mixed  fceH"^  "*e 
-..^j^/^   vas   '*'■  ^«*«*;e'l  *■'>  uurif<*  o*'*  b**  «'■'*"  ifitr^sf*^'**"*'^**  ^^  ^'IL 
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could  be  observed  during  the  exposure  of  the  disagreeable  pic- 
ture, it  heightened  the  unpleasant  effect." 

Trial  2.     Audrey  Burton.     20  seconds. 

"Seemed  about  seven  exposures.  During  first  four  there 
seemed  to  be  no  persistence  of  feeling-tone  during  interval  be- 
tween exposures.  Each  new  exposure,  however,  had  a  more 
immediate  effect  than  preceding  one.  This  was  reinforced  during 
last  exposures  by  feeling-tone  holding  over.  Interest  was  much 
higher  at  end  than  at  beginning." 

Trial  3.     G.H.  etc.     20  seconds. 

"Seemed  about  eight  exposures.  Feeling-tone  held  over  from 
very  first  exposure  heightening  effect  of  each  succeeding  one. 
Picture  was  beginning  to  lose  interest  on  last  exposure." 

Subject  "F" 

Nov.  7,  1 91 2.     (Pretty  well,  but  a  little  tired.) 
Trial  i.     Fly  (magnified).     20  seconds. 

"At  first  there  was  a  disgust,  shrinking,  growing  in  intensity, 
first  two  exposures.  Then  curiosity  came  in ;  new  attitude,  feel- 
ing disappeared,  became  neutral,  interest.  Eye  movements 
noticed;  effort  to  make  out  object." 

Trial  2.     Eugen  Ysaye.     20  seconds. 

"At  first  dislike.  Second  exposure  looked  at  name,  then 
thought  he  was  wasting  time.  Third,  forehead  locJced  good. 
Fourth,  nose  and  hand  good  also;  finally  thought  he  wouldn't 
mind  having  him  as  a  neighbor.  Pleasant  at  end.  Imagery 
agreeable  now." 

Trial  3.    Ysaye  and  Fly.    40  seconds. 

"Attitude  towards  fly  belongs  to  the  unpleasant  side.  No 
curiosity,  no  fine  lines  about  it.  Poor  aesthetically,  in  marked 
contrast  to  lines  of  face.  Pleasantness  grew  in  other  case,  also 
interest.  Two  feelings  divergent,  with  the  pleasantness  at  a 
greater  angle.  .  .  .  Transitions  marked,  like  shoot-the-chutes. 
During  intervals,  expectancy  always.  Attitude  preparatory, 
brought  feeling  for  the  comic  picture." 

Subject  "L" 

Nov.  8,  191 2. 

Trial  5.    Hazel  Troutman  and  Ancient.    60  seconds. 

"Striking  contrast,  strong  feeling.  Repulsive,  snarling  feel- 
ing; crude,  vulgar  in  every  way.    Other  very  pleasant,  refined, 
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etc.  Antithesis  of  tension  and  relaxation.  Vulgar  one,  unpleasant 
tension;  actress  pleasant  relaxation.  Also  a  certain  pleasant 
tension  in  case  of  actress  and  unpleasant  relaxation  in  other. 
During  first  interval  after  unpleasant  picture,  the  feeling  was 
unpleasant.  During  all  other  intervals,  the  feeling  was  pleasant, 
concerned  only  with  picture  of  actress.  At  beginning,  feelings 
about  equal.  Pleasantness  grew  as  trial  went  on,  unpleasantness 
grew  less  and  less." 

Subject  "M" 
Nov.  8,  1912. 

Trial  i.    Hazel  Troutman.    30  seconds. 
"No  feeling-tone  at  all/' 

Trial  2.    Fly.    30  seconds. 

"Disgusting  all  through,  intervals  and  all,  and  grew  worse 
as  trial  went  on." 

Trial  3.    Hazel  Troutman  and  Fly.    60  seconds. 

"Likes  H.  T.  fairly  well.  Other  as  disgusting  as  ever,  perhaps 
a  little  more  so.  During  intervals  after  fly,  expectancy  for  other 
picture.  Intervals  after  the  girl  not  remembered.  Pleasantness 
grew  towards  the  end;  no  difference  of  degree  noticed  in  the 
disgust." 

With  this  contrast  effect  it  will  be  of  interest  to  compare  the 
following  trials.  The  method  is  the  more  general  one,  with 
an  interval  substituted  for  one  of  the  pictures  in  the  check  trials. 

Trial    7.     Drawings,    faces    i.a    and    7     (artist    unknown). 
Speed  19.     30  seconds. 
"Both  disagreeable,  one  less  so  than  the  other.     Almost  got 
on  his  nerves." 

Trial  8.     i.a  and  white  card.     Speed  19.    30  seconds. 
"Disagreeable,  but  not  so  much  so  as  before." 

Trial  9.    7,  same  way. 

"As  disgusting  as  he  can  conceive.    Felt  like  closing  his  eyes." 
"i.a.     sketchy,   clear-out,   almost  stony.     7,   brutal."      (C/. 

Charles  Rann  Kennedy's,  "John  Heron  goes  and  sits  down  on 

the  keyboard  of  the  piano.    In  the  bass.    The  cacophony  relieves 

him,"    The  Necessary  Evil,  p.  60.) 

The  method  seems  to  have  justified  itself.  Our  results  show 
considerable  variety,  ranging  all  the  way  from  inhibition  through 
partial  and  complete  parallelism,  with  occasional  fusion,  to  in- 
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crease  in  cases  of  contrast.  Feeling  may  increase  gradually, 
decrease  gradually,  change  intensity  suddenly,  with  a  sort  of 
staircase  effect,  or  stay  fairly  constant  for  a  considerable  length 
of  time.  McDougall,  in  summarizing,  for  the  purposes  of  his 
argument  on  the  psychophysical  problem,  the  laws  of  the  be- 
havior of  feelings,  says,  "When  several  sensations  of  pleas- 
urable tendency  are  present  together,  their  tendencies  re-enforce 
one  another;  and  when  sensations  of  opposed  tendency  are 
present  together,  the  opposed  tendencies  partially  or  completely 
neutralize  one  another.  Or,  if  the  pleasurable  feeling  tendencies 
be  regarded  as  of  positive  sign,  and  the  disagreeable  tendencies 
as  of  negative  sign,  we  may  express  the  facts  by  saying  that 
the  feeling-tendencies  of  the  various  sensations  simultaneously 
present  to  consciousness  are  algebraically  summed,  and,  accord- 
ing as  the  resultant  is  of  positive  or  negative,  the  feeling-tone 
of  consciousness  is  pleasurable  or  disag^reeable,  or  in  other 
words,  the  individual  feels  pleasure  or  displeasure.  But  the 
sensations  are  only  one  class  of  occasions  of  pleasure  and  dis- 
pleasure. Every  form  of  mental  activity  tends  to  affect  the 
feeling-tone  of  consciousness  positively  or  negatively,  and  the 
stronger  or  the  more  intense  the  activity,  the  stronger  is  its  feel- 
ing tendency.  In  general  terms  it  may  be  said  that  the  smooth 
flow  of  mental  process  towards  its  proper  end  tends  to  pleasure; 
the  baffling  or  hindering  of  it  by  any  obstruction,  conflict  of 
tendencies,  or  difficulty  of  any  kind,  tends  to  displeasure.  And 
of  all  such  feeling-tendencies  the  law  of  algebraic  summation 
holds  good,  perhaps  not  absolutely,  but  in  the  main  and  in 
general.  The  feeling-tone  of  consciousness  at  any  moment  is, 
then,  the  reaction  of  the  subject  as  a  whole  upon  all  the  many 
feeling-tendencies  simultaneously  influencing  it."^'' 

In  view  of  the  results  we  have  quoted,  it  seems  that  such 
statements  as  the  above  hardly  fit  the  facts.  With  simple  sen- 
sations, the  case  may  be  different.  We  shall  have  to  consider 
that,  to  some  extent,  later.  With  material  appealing  to  what 
may  be  called  instincts,  the  results  are  much  more  complex  than 

^'"Body  and  Mind,"  p.  313.    P'**  cf,  McEXougairs  "Introduction  to  Social 
Psychology,"  pr    '54-7. 
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has  been  generally  realized.  Simple  algebraic  summation  seems 
to  be  unusual,  rather  than  the  general  rule.  We  may  leave  our 
results  to  speak  for  themselves  on  this  point. 

As  regards  mixed  feelings,  the  results  seem  to  be  positive, 
but  we  must  admit  that  the  experiences  are  decidedly  complex, 
and  somewhat  difficult  to  introspect.  The  lang^uage  used  by  the 
observers  seems  to  indicate  something  different  from  that  index 
of  the  general  condition  of  the  whole  organism  which  is  com- 
monly spdcen  of.  We  have  discovered  certain  possibilities  in 
the  behavior  of  feelings.  There  seems  to  be  need  of  a  more 
careful  analysis  of  the  feelings  which  do  thus  behave.  Some 
attempt  at  this  analysis  was  made  in  the  next  series  of 
experiments. 

A.3.  As  just  indicated,  the  work  of  this  section  was  the  de- 
scription, and  at  least  a  rough  analysis,  of  the  feelings  brought 
out  by  the  pictures.  The  introspection  was  not  restricted  entirely 
to  the  feelings,  however.  The  subjects  were  asked,  towards  the 
close  of  the  series,  to  report  on  the  intellectual  attitude  towards 
the  experience.  They  tended  to  do  so  from  the  first,  and  some 
of  the  results  seemed  so  suggestive  that  I  decided  to  make  the 
best  of  the  situation  and  see  what  could  be  gained.  The  results 
have,  I  think,  justified  this  course,  objectionable  as  it  might 
seem  to  add  to  a  task  already  difficult.  In  this  case,  the  in- 
trospections throw  a  great  deal  of  light  on  the  problems  of  the 
relation  of  feeling  to  apperception,  and  the  nature  of  apperception 
itself.  Accordingly,  I  shall  quote,  for  its  general  value,  some 
introspection  that  does  not  bear  directly  upon  our  special  problem. 

In  the  earlier  portion  of  this  section,  the  check  trials  were 
conducted  with  the  same  method  as  in  the  previous  section. 
Later,  series  of  trials,  using  one  picture  with  various  others^ 
were  used.  Two  such  series  were  used  with  all,  or  nearly  all, 
the  subjects.     These  will  be  given  in  full. 

All  trials  in  this  section  were  at  speed  24.  i.e.,  the  single 
^^posures  lasted  1%  seconds. 

Jirst  Series :  To  avoid  repetition,  the  following  abbreviations 
» .11  he  ^iQcH     (a'i  f-^ands  for  "'^b'»re  was  a  race  back  to  Altw*^ 
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(a  picture  from  a  magazine),  a  man  driving  over  a  very  rocky 
road,  followed  by  another  in  the  distance ;  and  "Mrs.  Aaron  Ward 
Roses."  (b)  represents  the  first  of  the  above  and  the  drenched 
cat,  "I  am  for  Prohibition."  (c)  represents  "a"  (the  garden 
with  the  path),  and  the  roses  of  (a).  The  method  was  not  the 
same  for  all  subjects,  but  the  changes  were  only  slight,  and  will 
not  interfere  with  comparison. 

Subject  "F" 
Dec.  19,  1912.   (Tired.) 

(a)  "The  two  feelings  are  quite  distinct.     Flowers,  quietness, 

calmness,  at-home-ness.  Fellow  lashing  horses,  puzzled, 
frustrated  feeling,  curiosity  as  to  meaning  of  picture. 
Noticed  many  details  of  picture,  hard,  strained,  stony 
feeling.    Flowers  a  rest,  decided  relaxation." 

(b)  "The  cat  ridiculous.     Solved  the  picture  for  him.     The 

man  was  tight,  and  taking  it  out  on  his  horses.  All 
one  general  feeling  of  humor.  The  two  mutually 
supported  each  other. 

(c)  "Fine;  quiet  restful   feeling.     Caught  himself  taking  a 

long  breath  when  the  woodland  scene  came.  Made  out 
the  roses.  Couldn't  have  told  what  they  were  before. 
Now  they  are  real  roses.  Is  sure  the  woodland  scene 
brought  out  the  full  realization  of,  and  feeling  for, 
the  roses.  (The  team  seemed  to  inhibit  it.  Before 
was  a  reserved  calm;  now  full  relaxation.") 
Race  to  Albion  and  a 

"They  certainly  did  contradict  each  other;  in  direct 
opposition.  Couldn't  make  out  which  was  getting  the 
upper  hand.  Feelings  tended  to  neutralize  each  other. 
Not  so  strong  this  time.  Runaway  not  nearly  so 
roistering,  so  blustery,  as  when  cat  was  there.  Woods 
calm,  peaceful,  but  not  the  distance,  the  far-away  feel- 
ing that  was  there  before.  With  the  roses  there  was 
the  feeling  of  Indian  summer, — dreaming.  That  was 
taken  out  of  it  by  the  old  man." 

Subject  "M" 

Dec.  20,  1912. 

(a)  "One  was  agreeable,  the  other  was  fimny.  Neither  very 
strong,  just  a  little  above  indifference.  Attitude  not 
active.  Pictures  coming  to  meet  him.  Feelings  con- 
tinuous, two  thin  parallel  lines." 
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(b)  "Cat  disagreeable.     Other  at  first  indifferent,  then  grew 

to  be  disagreeable.  Feeling-tone  of  new  picture  seemed 
to  be  projected  into  the  old  one.  Attitude  towards  the 
race  picture  now  active.  Felt  as  if  he  had  something  to 
do  with  it,  and  he  didn't  want  to. 
"Cat  disagreeable  from  the  first.  Has  an  instinctive  dis- 
like for  cats.  Felt  a  desire  to  drive  it  away;  wanted 
to  strike  it." 

(c)  "Liked  both  of  them.    The  picture  of  the  road  was  slightly 

more  so.    Felt  himself  walking  along  the  road.    Other 

more  passive ;  more  agreeable ;  feeling  more  pronounced 

than  before. 
"The  two  feelings  were  continuous,  and  partially  fused." 
'Was  looking  at  the  roses.     More  real,  and  nearer  than 

before,  but  he  was  not  active,  just  looking. 
Was  walking  along  the  road,  and  enjoying  the  scenery/' 
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Subject  "L" 
Dec.  20,  1912. 

(a)  "Motor  exhibition  very  interesting.     Heard  all  the  noise; 

could  feel  himself  on  the  seat;  liked  it.  Roses  rather 
tame." 

(b)  "Cat  more  positively  unpleasant  than  the  other  was  inter- 

esting, wet  cold,  made  her  shudder  a  little.    Wanted 
to  read  printing  but  it  is  reversed." 
"Rose  picture.  .  .  quieter,  more  a  spectator." 

(c)  "Roses   unpleasant;    looked   too   much   like   specimens." 

Just  a  short  exposure  of  both  first,  then  roses,  full 
exposure.  Seems  to  lead  to  over-estimation  of  ex- 
posure of  roses  all  through. 

"Garden  pleasant,  more  so  than  formerly.     Seems  to  be 
due  to  the  contrast  effect." 
"a"  and  I  am  for  Prohibition. 

"Cat    is   awful,      "a"   spoiled   by    it;   seemed   gray    and 
uninteresting." 

Subject  "H" 
Dec.  20,  1912.    (Eyes  tired;  sleepy;  didn't  sleep  well  last  night) 

(a)  "Queer;  didn't  understand  the  picture  of  the  man  with  the 

horses;  occupied  with  the  attempt  to  see  what  it  was 
all  about.  Other  picture  did  not  hold  attention.  No 
feeling  of  pleasure;  only  curiosity." 

(b)  "Both  very,  very  unpleasant;  rivalled  each  other  pretty 
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closely.  Hated  to  see  one  coming,  and  then  hated 
to  see  it  go  because  the  other  was  coming.  Cat  seemed 
to  interpret  the  other.  Whole  thing  was  tipsy.  Both 
bad  as  they  could  be." 

(c)  "Very  pleasant,  both  equally  pleasant;  helped  each  other 
very  much.  Could  get  the  odor  of  roses;  could  see 
them  on  bushes;  made  a  scene  of  this  picture  some- 
what like  the  other.  Gk>t  the  odor  of  the  woods,  too. 
Two  experiences  distinct  though  similar.  The  rose 
scene  had  a  path  too." 

"a"  and  I  am  for  Prohibition. 

"Cat  very  unpleasant;  increased  as  it  went  on.  Other 
not  as  pleasant  as  when  with  roses  but  became  more 
pleasant  during  trial.    Unpleasantness  the  stronger." 

Subject  "I" 

Dec.  19,  1912.     (Went  to  a  dance  last  night.) 

(a)  "Scarcely  any  development  of  feelings;  seem  to  inhibit 

each  other  more  thoroughly  than  any  other  he  has 
had.  Seemed  as  if  there  ought  to  be  feelings,  but 
they  were  cut  off  before  they  could  develop.  Almost 
a  case  of  sensation  without  feelings.  The  incomplete- 
ness, inhibition,  caused  a  sort  of  organic  feeling,  some- 
what akin  to  the  sort  of  strain  in  dreams  when  one 
tries  to  move  and  cannot. 
'Roses  were  something  pleasure-giving;  but  these  seemed 

to  lack  reality  of  appeal ;  not  fresh  roses. 
'Other  very  *bill-board-y.' " 
(c)     "A    good    deal    of    reinforcement  .  .  .  the    walk    more 
prominent,   suggests  activity,   very  real.     Seemed  to 
prepare  the  way  for  roses. 

"The  first  picture  seen  was  the  roses;  same  as  before.  .  . 
but  after  the  walk  had  come,  they  were  helped  in 
genuineness  of  appearance,  got  more  dewy-looking. 
Walk  picture  gave  a  general  attitude  towards  vege- 
tation, which  included  the  roses  as  well. 

"Feelings  for  roses  closely  related  to  touch,  something 
wearable. 

"Walk  very  suggestive  of  all  the  agreeable  feelings  of 
outdoor  life." 

(b)  "Cat  is  an  awful  looking  creature. 
"Other  very,  very  rocky. 

"Two  more  separate  than  the  two  pleasant. 
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"Cat  unpleasant  to  touch. 

"In  other  case  purely  a  spectator,  watching  for  a  caAzxmty. 

"Each  one  stronger  each  time  it  appeared." 


Subject  "J" 

Jan.  9,  191 3. 

(a)  "First  thing  just  a  physical  shock;  reaction  to  sensation. 

(Race  picture)  Nothing  made  out  Then  flowers  .  .  . 
indifferent  too.  Both  pictures  practically  indifferent 
most  of  the  time,  but  once  with  each  picture  memories 
came  in,  and  there  was  a  momentary  pleasure. 
"Most  of  the  time  there  was  curiosity  (attendant  strain 
sensations),  also  organic  sensations — feeling  of  going 
out  towards  pictures.    Self-activity  prominent  at  times/* 

(b)  "Still  puzzled  about  Race. 

"Three  attitudes  towards  cat:  first  surprise,  amusing, 
characteristic  organic  reactions;  then  looked  at  cat's 
eyes,  took  the  cat  as  a  man  who  had  been  thrown 
into  a  mud  puddle,  amusement;  then  the  cat  was  per- 
sonified, saying.  Look  what  you've  done  to  me. 
Amusing  again.  Then  it  looked  dirty.  Wanted  to 
kick  it  away ;  then  wanted  to  wash  it  off.    Unpleasant 

"Other  still  puzzling.  More  and  more  strain  in  connection 
with  the  desire  to  find  out  what  it  is." 

Race,  and  God  Help  the  Poor  Sailors. 

"The  new  one  called  up  some  of  his  old  experiences  in 

connection  with  the  picture ;  empathy.  .  .  .    The  fellow 

is  not  drunk,  but  just  cutting  up. 
"Other  just  the  same  as  before. 
"Increasing  strain,  a  sudden  shock  in  head  towards  end, 

like  striking  of  heels  on  sidewalk,  etc. 

(c)  "Very  strong  curiosity  in  "Vorperiode."     Seems  to  be 

localized  in  forehead. 
"Roses   came   first.    Rather   mild  liking;   then  a  much 

stronger.     Liked  it  because  he  could  walk  there  and 

pick  flowers,  or  with  a  lady  friend. 
"Then  a  sudden  flood  of  consciousness  of  whole  organism, 

with  the  thought  that  he  was  lying  out  there  in  the 

sunshine  with  nothing  on;  very  definite  jdeasantness. 

The  bunch  of  roses  only  secondary. 
^  iring  moments  of  strain,   as  in  previous  trials,  fhe 
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Subject  "K" 

Dec  i8,  1912. 

Trials  i  minute. 

Race  to  Albion,  and  Man  with  Sargent  Roses. 

"Pictures  seemed  to  be  on  different  levels;  one  in  garden 
static ;  other  called  up  situation  .  .  .  being  at  a  fair, — 
a  little  romantic.  .  .  .  Man  unable  to  control  his 
horses  ...  no  pronounced  feeling,  i.e.  neither  pleas- 
ant nor  unpleasant." 

Mrs.  Aaron  Ward  Roses,  and  Man  with  Sargent  Roses. 

"Just  at  times  the  new  flowers  seemed  real.  Thought  how 
fine  it  would  be  to  smell  them.  Flowers  by  themselves 
better  than  the  other.  Man  seems  to  have  the  flowers 
and  O.  is  out  of  it." 

(b)  "Didn't  like  the  cat,  but  not  decidedly  unpleasant.  Other 
somewhat  romantic.  Liked  to  look  at  it,  like  being  in 
some  Western  city  or  something  of  the  sort;  a  little 
less  pleasant  than  at  first,  because  he  is  used  to  it." 

Subject  "C" 
Jan.  8,  1913. 

(a)  "Enjoyed  it  very  much.     At  first  just  wanted  to  know 

what  was  going  on  there.  Thought  those  things  were 
gardenias,  then  they  turned  to  roses.  Taken  sym- 
bolically. Other  not  noticed  at  first,  except  it  was 
a  generally  exciting  affair ;  then  takei^  as  an  elopement. 
This  due  to  the  roses;  decidedly  emotional  experience, 
rapid  breathing,  etc." 

(b)  "Liked  cat;  reminded  her  of  a  time  when  she  dumped 

an  angora  cat  off  a  float.  Other  didn't  get  her  at- 
tention. Most  of  the  time  was  wondering  what  the 
letters  were  under  the  cat." 

(c)  "Very  pleasant,  much  more  so  than  before;  taken  in  the 

same  general  way,  but  became  serious  this  time. 
"At  first,  path  only  an  interval,  very  first  time  annoying; 

wanted  to  look  at  roses.    Towards  end  was  taken  into 

association  with  roses. 
"Felt  herself  breathing  so  hard  there  didn't  seem  to  be 

half  enough  of  her    to    breathe    as    deeply  as    she 

wanted  to." 

In  the  second  series  "The  Lily  Pool"  was  used  throughout, 
alternating  with  six  others,  as  follows:   (a)   No.  88   (a  little 
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church  on  a  hillside) ;  (b)  I  am  for  Prohibition;  (c)  All  I  Did 
was  Growl;  (d)  Sunset  at  Wood's  Island;  (e)  The  Garden 
Wall;  (f)  Brook  in  Middlesex  Fells. 

The  length  of  each  trial  was  30  seconds. 

Subject  "F" 
Jan.  9,  1913. 

(a)  "The  two  were  immediately  associated.    The  children  were 

playing  at  the  pool  below  the  house.  The  house  added 
to  the  beauty  of  the  picture ;  gave  protection,  a  homey 
feeling.  House  not  aesthetic,  but  children  decidedly  so. 
One  general  attitude,  parts  of  the  same  thing." 

(b)  "The  pond-lily  picture  lacked  the  artistic  finish,  children 

were  not  as  well  groomed;  pond  not  fit  for  them  to 
play  in;  the  cat  had  crawled  out  of  it.  Grew  worse 
and  worse. 
"Not  a  story  that  he  tried  to  make  up.  Just  came  with  no 
effort.  Tried  to  keep  his  former  attitude,  but  couldn't 
The  two  struggled,  and  the  bad  won." 

(c)  "They  fit  in  fine.     Hard  to  describe,  but  seemed  appro- 

priate. Dog  belong  to  children.  Pond  with  lilies  .  .  . 
green  leaves  against  their  original  beauty  .  .  .  etc  .  • 
a  beautiful  scene. 
"Not  as  with  house.  Then  coziness,  safety;  now  fitness. 
Mutually  support  each  other  aesthetically.  Feelings 
parallel." 

(d)  "Didn't  go  together  at  all;  two  distinct  fields.    Couldn't 

pull  them  together  if  he  wanted  to.     FeeKngs  not 
parallel,  but  broken. 
"Children  not  enjoyed  so  fully  as  before.    Water  picture 
cold,  like  northern  scenery,  ice,  slush,  etc." 

(e)  "Here  there  was  a  togetherness,  a  coherence  not  there  be- 

fore.    Four  children,  two  on  the  wall,  looking  down 
at  the  others.    Children  seemed  to  be  gathering  lilies 
with  more  zest  because  they  were  watched. 
"One  feeling — the  two  were  simply  parts  of  a  whole,  much 
closer  than  ever  with  the  house." 
ij     '  ^oth  pleasant,  very  pleasant,  but  they  don't  fit  in  together. 
Vo  distinct  pictures,  not  so  far  apart  as  the  ''moon- 
nght"  scene  and  the  children.     Woods  too  wild  for 
the  children,  though, 
"eelings  not  hro^c"*  '  i"  ?lo"9f  p^r^llel;  ho«"h  r^rfetfly 
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Subject  "M" 

Jan.  lo,  1913. 

(a)  "Both  agreeable,  but  different.     The  transition  a  shock; 

organic  sensations,   a  little  like  beating  of  heart  but 
not  sure. 
'Attitudes  .  .  .  children  seemed  to  be  related  to  him,  and 

he  was  just  standing  and  watching  them  play. 
'House.  .  .  .  just  seen  as  he  was  taking  a  walk  in  the 
early  dawn  .  .  .  general  haziness.     House  itself  very 
insignificant.    Situation  as  a  whole  pleasant. 
"The  two  experiences  entirely  separate,  remained  the  same 
throughout." 

(b)  "Cat  picture  positively  disagreeable;  other  agreeable.    In 

the  same  way.    There  was  a  sort  of  jerk  at  transition. 
"Children's  picture  more  agreeable  this  time  than  last  time. 

Contrast  seemed  to  cause  this. 
"Wanted  to  kill  it  (the  cat).     Attitude  towards  children 

same  as  before. 
"General    field    of    appeal  is  that  of  empathy;  nearness 

prominent.     Would  like  to  carry  the  children  on  his 

shoulders.     Nearness  to  cat  offensive." 

(c)  "Children's  picture  very  agreeable;  dog  not  exactly  agree- 

able; ridiculous  or  pitiable;  shifted  a  little.  Felt  as 
if  he  would  like  to  show  the  children  that  dog. 

"No  shock  at  transition;  just  as  if  he  were  turning  his 
head  a  little. 

"Feelings  separate  and  broken." 

(d)  "Both  were  agreeable;  a  sort  of  jerk  from  one  to  the 

other. 
"Children's  picture  more  agreeable ;  growing  more  so. 
(Sunset)    .    .    .   "seemed  to  be  on  the  bank  of  the  river; 

much  like  the  river  in  his  native  village. 
"Two  experiences  wholly  unrelated." 

(e)  "Both  agreeable;  just  one  feeling;  no  break  at  all.     Dif- 

ference only  in  that  the  new  children  are  strangers  not 
related  to  him,  but  he  likes  them. 
"No  transition  shock  at  all." 

(f)  "Both  agreeable,  but  there  was  a  distinct  transition,  and 

in  a  way  there  was  a  sort  of  contrast. 
"Wood, — walking  alone  ...  a  sort  of  poetical  loneliness. 
The  children  were  with  him,  good  company." 
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Subject  "L" 

Jan.  lo,  1913. 

(a)  "Breathes  in  with  the  Lily  Pool  and  out  with  the  church. 

Lily  Pool  seems  to  demand  expansion;  reverse  with 
the  church.  Like  looking  into  the  two  ends  of  a  funnel 
Church  interesting,  but  there  is  no  life  in  it,  no  motor 
interest.  ..." 

(b)  "Rather  shocked  to  see  the  cat  again. 

"Breathing  effect  reversed,  but  it  was  too  fast  for  her 
this  time. 

7ust  a  very  short  exposure  of  kitten,  disturbed  her  a 
good  deal. 

'Getting  tired  of  children  .  .  .  familiarity.  Whole  ex- 
perience a  chilly  one." 

(c)  "Breathing  in  with  the  Pool  and  out  with  the  puppy; 

brought  back  the  feeling  she  had  when  she  came  in. 
"Children  seemed  to  be  in  a  class  with  the  puppy. 
"General  warmth  in  whole  experience." 

(d)  "Sunset  reminded  her  of  an  experience  in  the  Golden 

Gate,  interesting.  Other  just  an  unpleasant  interrup- 
tion ;  took  her  time  from  the  new  one." 

(e)  "The  Garden  Wall  unpleasant  because  the  child's  1^^  look 

too  long  and  stretched  out. 
"Old  one  pleasant." 

(f)  "Auditory  image  of  stream.     Could  feel  the  woods. 
"Likes  the  Pool  better  this  time.    Liked  the  idea  of  life. 

Woods  a  little  subtle  and  uncanny." 

Subject  "H" 
Jan.  17,  1913. 

(a)  "Lily  Pool  familiar  and  tiresome.    Other  a  decided  reliefp 

pleasant  each  time  it  came;  exposures  seemed  longer 

than  of  children. 
"House  interesting ;  a  sort  of  entering  into  the  atmosphere 

of  the  place ;  felt  the  coolness,  imagined  the  family,  etc* 
"Other  annoying,  irritating." 

(b)  "The  children  became  very  pleasant.    Rather  felt  that  tbe 

interest  was  forced  by  the  contrast;  no  imagery  or 

associations. 
"Cat  annoying,  unpleasant  to  look  at. 
"Delighted  when  the  trial  stopped." 
"Pictures  didn't  seem  to  enter  her  consciousness;  just 

things  she  had  to  look  at." 
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(c)  "Dog  pleasanter  than  children ;  sort  of  quaint  humor  about 

it;  seemed  to  put  herself  in  the  position  of  the  dog 

and  feel  that  the  mask  was  too  much  punishment  for 

a  little  growl. 
"Children  just  very  slightly  on  the  favorable  side;  not 

real,  but  mere  figures.     Likes  the  overhanging  tree. 
"Transition  neutral. 
"Pleasure  in  dog  a  continuous  feeling,  only  weakened  a 

little  when  children  were  there.    Children  gave  a  slight 

boredom,  which  did  not  hold  over." 

(d)  "Water  very,  very  pleasant.     Children  remained  neutral; 

their  exposure  seemed  very  much  shorter. 

"Water  scene  a  beautiful  picture;  not  just  a  picture,  a 
real  view." 
(c)  "Made  all  the  children  real,  i.e.  just  beyond  the  border, 
wouldn't  have  expected  them  to  speak.  Seemed  to 
be  the  same  two  children,  in  spite  of  the  difference 
in  color  of  hair.  Wouldn't  have  cared  enough  about 
them  to  speak  to  them. 

"New  picture  seemed  to  redeem  the  older  one.     Whole 
experience  very  slightly  pleasant.     Wouldn't  care  to 
repeat  it." 
(f)     "Interesting.    Children  first  .  .  .  bored  feeling. 

"Stream  very  pleasant;  auditory  imagery,  water  rippling 
over  the  stones. 

"The  transition  from  stream  to  children  was  filled  with 
imagery  of  the  other  water  scene;  almost  wiped  out 
picture  of  children.  Didn't  notice  them  at  all,  just  con- 
scious that  they  were  shown. 

"Picture  of  children  leaves  very  little  impression;  has  had 
to  stop  and  think  each  time  to  realize  that  the  pool  was 
shown." 
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Subject  "I' 
Jan.  i6,  1913. 

(a)  "Accentuated  each  other  to  a  very  marked  degree,  feel- 
ing-tone grew  almost  continually  more  pleasant.  Quite 
distinct,  no  fusion.  Difference  in  light  seemed  to  re- 
lieve the  eyes.  Very  restful  to  get  to  the  church ;  very 
interesting  to  go  back  to  the  girls. 
'Entered  more  actively  into  experience  with  the  church; 

walking  down  the  slope. 
'Other  independent  of  him,  but  attractive." 
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(b)  "Cat  unpleasant,  seemed  to  spoil  color  of  pool.    Green  not 

so  saturated.  Unpleasant  feeling  held  over.  Half  way 
through,  comic  aspect  of  cat  came  up  and  made  him 
laugh.  After  that,  seemed  to  pay  a  different  kind 
of  attention  to  the  pool;  colors  seemed  to  be  truer. 
Seems  queer,  but  there  does  seem  to  be  a  difference  in 
the  objective  appearance  in  the  two  parts  of  trial. 
"Feeling,  alternation  of  nausea  and  well-being." 

(c)  "Aided  each  other  rather  than  interfered.     Two  appro- 

priate to  each  other.  Didn't  go  as  far  as  actual  owner- 
ship of  dog  by  children,  but  they  went  together  welL 

"Passive  observation  of  pool.  Dog  taken  actively. 
Thought  of  patting  him,  tumbling  him  round,  and 
maybe  taking  the  mask  off  him. 

"Both  pleasant.  Seemed  to  be  something  carried  over 
from  one  to  the  other.  A  general  feeling  of  internal 
comfort.  In  addition  there  were  elements  peculiar  to 
each  picture;  one  aesthetic,  other  social." 

(d)  "Pretty  hard  to  find  himself,  to  settle  down  to  any  definite 

state  of  mind. 
'Children  first,  same  as  before. 

'Other  picture  altogether  different,  seemed  dangerous. 
For  a  while  it  shut  out  the  pleasure  in  pool.  Latter 
just  marking  time,  while  he  was  trying  to  look  at 
water  scene  and  understand  what  it  was.  After  he 
decided  that  it  was  only  cloudy  weather  and  not  really 
dangerous  both  were  slightly  pleasant,  but  totally 
incompatible. 

"An  effort  to  get  any  setting  for  boat  picture,  unstable  .  .  • 
outing,  practical  utility. 

"Other  constant,  rich  with  color  and  meaning. 

"Seemed  to  try  to  hit  a  mean  that  would  suffice  for  botfa» 
but  couldn't  quite  make  it.  Was  straining  to  look  at 
the  children,  when  this  is  not  needed,  and  when  looking 
at  other  picture,  there  seemed  to  be  traces  of  his  attitude 
to  pool.     Imagery  did  not  hold  over." 

(e)  "About  as  nearly  like  a  single  picture  as  could  be. 
"Feeling-tone  augmented. 

"Stronger  lighting  makes  pool  a  little  more  reaL  Pool 
is  the  halting  place.  Children  on  fence  are  on  their  way 
to  the  pool.  Sort  of  a  story, — not  four  children,  but 
two.  Pool  the  prominent  one  for  feeling.  Aside  from 
this  the  feeling  was  just  one  throughout" 
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(f)  "Rather  a  curious  effect,  two  feelings  in  connection  with 
brook.  Transition  from  color  to  lack  of  it  essentially 
unpleasant.  At  the  same  time,  the  appeal  to  general 
organism  was  very  pleasant.  Called  out  a  feeling  of 
its  own. 

"Other  a  bit  monotonous,  but  noticed  the  childlike  char- 
acter of  the  hands  of  child  holding  flower.  Coloring 
also  pleasant. 

"Two  pictures  distinct  in  feeling,  call  forth  different  at- 
titudes. Pool  passive,  other  active." 
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Subject  "J' 

(a)  "Both  pictures  very  pleasant,  but  completely  separate.    To* 

wards  end,  thought,  if  they  are  both  pleasant,  why  in 
the  dickens  don't  they  run  together.  Then  they  did 
with  a  sort  of  shock. 

Church  picture  .  .  .  associations  .  .  .  touched  off  erotic 
complexes  .  .  .  social  experiences. 

"Lily  Pool  did  not  call  up  such  associations  until  towards 
end. 

'A  good  deal  of  empathy.  Varied  between  objective  and 
subjective. 

'Organic  sensations  ...  in  throat  and  upper  chest,  con- 
nected with  panting,  etc.,  i.e.  those  organs.  Attention 
very  lively;  passive  all  the  time." 

(b)  "An  entirely  different  experience.     Was  expecting  some- 

thing he  had  never  seen  before.  There  was  a  shock 
of  recognition,  "Oh,  it's  you".  .  .  .  Cat  indifferent  so 
far  as  pleasantness-unpleasantness  was  concerned. 
Next  time  it  came,  was  a  little  amusing.  Seemed  to 
take  away  from  the  other  at  first.  Later  the  pool 
became  dominant,  but  not  so  strong  as  before.  At 
the  very  end,  attitude  of  "clever(?)"  practical  joker 
came  in.  Was  setting  the  cat  on  the  middle  of  the 
pool.  Possibly  due  to  his  disappointment  at  the  cat. 
Fiendish  delight  in  tormenting  the  little  girls  by  put- 
ting the  cat  there. 
"Trial  cut  off  before  the  experience  had  completely 
developed." 

(c)  "More  like  the  first  one  in   the  amount  of  association 

called    up.      Girls    and    pool    getting   more    or    less 
indifferent. 
"Other  came  as  something  entirely  new.     Thought  in- 
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stantly  as  the  dog  of  the  girls,  but  he  seemed  too  for- 
lorn. Separate  for  a  while.  Then  the  thought  came 
that  he  was  inside,  and  they  were  out.  A  certain 
sympathy  because  he  is  muzzled;  no  tendency  to  help 
him. 

"Feeling-tones  of  the  whole  thing  rather  indifferent,  but 
border  on  pleasantness.  (But  the  rough  skin  of  the 
dog's  hind  foot  looked  like  a  rhinocerus's  hide  ...  a 
certain  slight  horror,  no  organic  reaction). 

"Organic  sensation  not  focal  during  the  experience." 

(d)  "Girls  first,  full  exposure,  seemed  unusually  long,  mildly 

pleasant. 

"Wondered  what  the  next  was  going  to  be.  When  it 
came,  more  or  less  of  an  organic  shock  going  down- 
wards in  his  body,  .  .  .  pleasant. 

"Pleasure  lasted  all  through. 

"Associations  came  rather  slowly.     None  for  the  pooL 

Other  .  .  (i)  out  boating,  (2)  an  early  morning  on  the 
Elbe. 

"Whole  experience  very  sluggish." 

(e)  "New  picture  came  first.     Brought  a  very  pleasant  fed- 

ing-tone  instantly.  At  the  same  time  there  came  a 
thought  of  the  other  picture,  with  some  imagery,  not 
completely.  Thought  the  whole  experience  was  going 
to  be  girls.  At  first  a  little  distinct.  Then  girb  on 
wall  were  looking  down  at  the  other.  But  a  few 
incongruities;  no  fence  in  pool  picture.  Girls  on  wall 
a  little  too  high  to  see  in  the  other. 

"Two  thought  together  all  the  time.  Looking  at  one 
with  the  other  at  the  background.     Then  the  reverse 

"Association  widened  in  scope.  Children  in  general;  the 
children  in  the  streets  of  Berlin;  then  some  young 
relatives  of  his,  etc." 

(f)  "New  one  came  first.    Relaxation  (organic  sensations  in 

chest).    Associations  of  experience  in  woods. 
"Other  brought  back  association  of  first  trial.     Basin  in 

botanical  garden. 
'Feeling-tone  orf   pictures  runs  together,   very  pleasant 

The  prominent  thing  was  the  feeling-tone.     Pictures 

intellectually  distinct." 
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Subject  "K" 
Jan.  17,  1913. 

(Rather  sleepy,  hasn't  been  up  long;  not  thoroughly  awake 
yet). 

(a)  **Likes  both  of  them  slightly.     Difficulty  in  making  out 

church  scene,  because  lighting  is  not  so  bright. 
"Both  pictures  remote.  ..." 

(b)  "Cat   unpleasant,    aversion,   just   slight.      Other  slightly 

pleasant, — light,  brightness,  coloring,  summer,  etc.  No 
special  interest  in  the  children." 

(c)  Seemed  to  associate  the  two  pictures.    Really  one  to  him. 

Dog  in  one  comer  looking  at  children  in  the  other. 
Playfully  sullen. 
"Somewhat  pleasant.     Seemed  nearer  than  before.     No 
break  at  transition." 

(d)  "New  one  the  pleasanter.    Seemed  to  be  sometimes  trans- 

posed to  the  scene  and  watching  it;  could  see  all  the 
surroundings.     Could  localize  the  picture  of  children 
too,  playing  on  a  little  hill. 
"Transition  a  gap." 

(e)  "These  two  are  connected  too.     Two  children  on  fence 

are  looking  down  at  others.  Liked  the  ones  on  the 
fence  better,  because  he  could  see  their  facial 
expression. 

'Not  localized  in  space;  only  saw  the  picture. 

'Both  pictures  slightly  pleasant.  Just  the  same  except 
that  those  on  fence  are  more  "active."  They  are 
watching  the  others,  taking  it  all  in.  He  likes  them 
better." 

(f)  "New  one  seemed  to  be  in  the  evening;  other  morning  or 

afternoon.  "Road"  pleasanter  when  it  got  him  into 
the  mood  of  being  alone.  Other  getting  to  be  pretty 
commonplace,  indifferent." 

The  above  results  seem  to  point  to  a  very  close  relation  be- 
tween the  feelings  and  what  are  commonly  called  intellectual 
processes.  The  mutual  influence  of  the  feelings  depends  largely 
upon  the  similarity  of  the  presentations,  i.e.  similiarity  in  mean- 
ing, in  appeal.  When  the  two  feelings  are  of  like  intensity,  if 
the  total  reactions  are  widely  dissimilar,  the  result  is  inhibition. 
Inhibition  diminishes  with  increasing  similarity,  until  in  some 
cases,  there  is  a  tendency  to  parallelism,  and  rarely,   fusion. 
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When  the  fields  of  appeal  become  nearly  identical,  the  feelings 
either  become  one,  or  increase  by  contrast,  in  alternation,  ac- 
cording as  they  are  of  like  or  opposite  value.  When  the  feel- 
ings are  of  unequal  intensity,  inhibition  continues  farther  up 
the  scale  of  similarity.  Further,  there  are  individual  differences, 
which  seem  to  be  related  to  the  scope  of  attention.  The  above 
statements  represent  the  hypothesis  which  resulted  from  all  the 
work  so  far.  The  remainder  of  the  investigation  is  an  attempt 
to  test  its  validity. 

A  4.  In  this  section  the  tasks  of  the  two  previous  were 
combined;  the  subjects  were  asked  to  trace  the  course  of  the 
feelings  and  describe  them  as  well.  The  speed  ranged  frcMn 
10  to  72  J  the  same  pictures  being  used  in  series  of  trials  at 
various  speeds.  The  first  two  series  began  with  the  lowest 
speed,  i.e.  the  longest  exposures,  while  the  later  series  started 
from  the  opposite  direction.  Excepting  a  few  odd  trials  towards 
the  close  of  the  season,  the  work  was  the  same  for  all  the 
subjects.  The  check  method  of  the  preceding  section  was 
adopted,  a  pleasant  picture  being  used  with  another  pleasant 
one  and  with  an  unpleasant  one,  etc.,  while  some  series  were 
concerned  with  other  pairs  of  opposites,  such  as  excitement 
and  calm.  The  materials  were  entirely  new,  so  that  familiarity 
is  not  a  disturbing  factor.  A  brief  summary  of  the  results  with 
several  series  will  be  given  with  such  examples  of  the  intro- 
spection as  seem  important. 

In  the  first  series  only  two  pictures  were  used:  (i),  a  crude 
'comic'  entitled  Who  Moved  That  Keyhole,  being  an  intoxicated 
man  in  evening  dress  with  battered  hat,  trying  to  unlock  a 
door;  (2),  a  little  boy  in  red  jacket  and  cap,  from  Nordmaric 
The  speeds  used  were  10,  12,  14,  16,  17,  19,  23,  24,  29  and  36^ 
in  the  order  stated.  The  length  of  the  first  trial  was  thirty 
^«H:onds,  of  the  rest,  twenty. 

Subject    "L"    found    'neither   picture  very  striking.'      They 

''>cg:an  on  the  'same  level  of  interest,'  and  'blended  very  easily.' 

The  'man  excited  curiosity  more  than  the  little  boy.'  (Speed  loV 

y\\t  'man  is  just  dressed  up  for  the  occasion.'     (Speed  12). 

\s  sp^e^     of   exposure   is   increased,    'motor  effect   comes   m 

mo-**  feels  mo^'e  •»«•  i^  sb*^    '^prp  tb^  r^npjA  '     ^y{zkT\*f    laqj 
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getting:  tiresome,  felt  as  if  she  were  holding  the  key.'  (Speed  i6). 
AH  feeling:  except  interest  in  experiment  disappeared  after  Sijeed 
17.  At  that  speed,  there  was  'much  more  interest  in  the  little 
boy.'  Speed  12  seemed  slower  than  10,  and  14  the  same  as  12. 
A  chang^e  is  noticed  with  16  and  a^ain  with  17. 

"J"  found  the  man  *less  real,'  'tendency  to  comic' — 'not  a 
real  drunk,  but  a  man  acting.'  The  boy  is  serious.  'Pictures 
do  not  interest  at  all.  Feeling-tone  not  noticeable  after  first 
exposures;  no  fusion.'  (10).  The  interest  in  the  pictures  in- 
creased, they  seemed  brighter,  and  'the  whole  experience  more 
active  and  vital'  with  increase  of  speed.  (19).  At  (23)  the 
pictures  ran  together;  he  'saw  the  little  boy  standing  laughing 
at  the  man.'  'Mildly  pleasant  throug:hout.'  This  unification 
disappeared  and  the  pictures  became  indifferent  at  the  highest 
speeds. 

With  "C"  and  "H"  there  was  a  g:ood  deal  of  feeling,  chiefly 
displeasure.  With  "C"  the  maximum  is  at  (19),  the  pleasure 
being  completely  inhibited  then.  There  is  no  feeling  at  (36). 
With  "H",  the  highest  point  is  at  (23),  and  at  (36)  it  is  still 
'very  unpleasant.  Haven't  reached  the  point  of  tolerance.  Still 
struggling  against  it.'  "H"  did  not  notice  the  difference  in 
speed  until  (36). 

With  "K"  the  two  were  well  contrasted  at  first,  opposed 
morally,  'about  equally  balanced,'  'feelings  distinct'  The  con- 
tempt for  the  man  was  stronger  at  (14)  and  (16),  and  the  boy 
'not  so  pleasant  as  he  might  be,  .  .  .  pampered  and  overfed/ 
'being  spoiled  and  might  get  where  the  other  is.'  At  (19) 
and  the  higher  speeds,  the  two  were  put  together  into  a  situa- 
tion, and  the  'slight  antipathy  for  the  kid  is  gone.'  The  feel- 
ing is  practically  nil  after  (23). 

"F"  found  that  the  pictures  'opposed  each  other,  no  fusion, 
radically  apart.'  'Man  the  dominant  picture.'  (10).  At  (16) 
the  'man  has  a  sort  of  impudent  look,  the  little  boy  looks  more 
friendly.  (Before,  he  looked  shy.)  They  seem  not  so  far 
apart — in  same  neighborhood.  (Before,  they  were  far  apart). 
Think  it  is  due  to  speed.'  Then  the  man  became  humorous 
(17),  and  finally  'stagey.'  'Is  really  tipsy,  but  it  is  partly  put 
on.'  The  boy  gets  more  human  and  real,  and  becomes  the 
dominant  picture.  The  spatial  relation  disappears.  The  pleas- 
ure increases  and  inhibits  the  displeasure  completely. 

With  'T"  the  feelings  were  at  first  slight  (10),  then  in- 
creased, 'more  contrast'  (12);  then  he  seemed  to  interpret  the 
two  as  phases  of  a  single  thing  (14).  The  interpretation  held 
throughout  the  rest  of  the  series.  The  pleasure  was  dominant 
at  (14)  and  (16),  then  gradually  gave  way,  until  the  displeas- 
ure came  to  be  dominant  at  (36).  The  feelings  alternated 
completely. 
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The  general  effect  of  the  shortening  of  the  single  exposures 
is  increased  inhibition,  as  might  be  expected.  The  tendency 
to  assimilation  in  meaning  and  to  a  s}mthesis  of  the  two  presenta- 
tions is,  I  think,  worth  following  up.     It  reappears  constantly. 

In  Series  II,  a  picture  of  a  road  through  a  pine  gfrove  at 
Concord  was  used,  first  with  the  rear  view  of  the  Paul  Revere 
house,  and  then  with  a  picture  of  a  path  in  the  New  England 
Gardens.  The  trials  lasted  45  seconds  each,  and  were  made 
with  speeds  10,  23  and  36. 

"K"  found  all  three  pleasant,  the  trees  less  so  when  alternating 
with  house  than  with  flowers.  The  feeling  diminished  with  the 
increase  of  speed,  but  was  not  inhibited  entirely.  Speed  (10) 
was  the  best. 

"F"  found  the  first  trial  *a  numbing  experience,'  could  hardly 
say  anything  afterward.  'Neither  attractive.'  In  the  same  trial, 
the  'trees  were  not  at  all  as  before.'  'Would  hardly  believe  the 
woods  scene  was  the  same  picture.  Two  not  parts  of  same 
scene,  or  anything  of  that  sort,  but  similarity  helped.  A  quick- 
ening, exciting  experience.'  The  feelings  increased  in  the  trials 
at  higher  speed.    'More  active  interest.' 

"L"  found  the  house  'close,  stuffy,'  the  trees  'cool  and  green.' 
There  'seemed  to  be  a  difference  in  the  air  she  was  breathing.' 
The  flowers  were  'a  great  success,'  the  'trees  g^ray  and  uninter- 
esting in  comparison,  not  so  pleasant  as  before.'  At  (23)  the 
feelings  are  less  marked,  and  at  (36),  could  see  the  pictures 
all  right,  but  not  time  for  feeling  to  develop.' 

With  "H"  the  'walk  between  the  trees'  was  'a  great  relief 
every  time.'  .  .  .  'Glad  to  get  away  from  the  house,'  The 
flowers  were  'a  pleasant  surprise,  afraid  she  would  dislike  the 
lane,  but  there  was  a  peacefulness  and  restfulness  about  it  that 
was  charming.'  At  (23),  the  lane  is  less  effective  in  both  cases, 
while  at  (36)  the  pleasure  in  the  lane  was  completely  inhibited 
by  the  unpleasantness  of  the  house,  while  the  trees  gained  the 
day  over  the  flowers.  In  each  case  the  dominant  picture  seemed 
to  be  exposed  very  much  longer. 

"C"  's  results  have  to  be  discarded  on  account  of  the  in- 
fluence of  associations. 

"J''  's  results  in  the  first  trials  are  almost  exactly  the  same 
as  those  of  *'F''.  The  feeling  was  less  at  the  higher  speeds, 
trial  5  being  indifferent,  and  trial  6  mildly  pleasant. 
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"I"  's  introspection  will  be  given  in  full : 

Speed  10.     I. 

"Quite  a  strong  contrast.  Ugly  one  looked  uglier  each  time. 
Not  sure  that  other  one  was  improved,  because  of  the  alterna- 
tion's being  unpleasant.  Pleasant,  but  there  was  unpleasant 
anticipation  of  the  other. 

"After  about  six  exposures  of  house,  felt  like  doing  some- 
thing, demolishing  house,  or  clamoring  out  against  having  to 
look  at  it. 

"Feelings  during  exposure  of  woods  mixed — pleasant,  but 
worried.     Two  parallel,  not  alternating. 

"While  looking  at  ugly  picture,  his  feeling  was  for  that  alone." 

2. 
"Fine.     They  reinforced  each  other  a  g^eat  deal.     Easy  to 
imagine  them  parts  of  one  scene.     Just  one  pleasant  feeling 
increasing  throughout." 

Speed  23.     I. 

"A  queer  thing  happened.  Woods  picture  seemed  to  hold 
there  for  quite  a  while  once,  yet  the  other  picture  was  much 
more  present  to  his  mind.  And  in  the  duration  of  the  woods 
picture  was  just  using  it  as  a  sort  of  brace  to  help  him  ward 
off  the  other.  Same  mixed  feeling  with  the  unpleasant  an- 
ticipation the  more  prominent  factor." 

2. 
"General  effect  just  the  same  as  before;  just  one  feeling  all 
through,  nearly  apprehended  as  one  picture.  ..." 

Speed  36.     I. 

"In  order  to  get  anything  out  of  it  has  to  concentrate  on  the 
house;  woods  almost  a  blank.  Still  succeeded  in  giving  the 
house  some  meaning,  but  not  very  vivid.  Rather  unpleasant, 
but  not  so  much  as  before.     Woods  indifferent." 

2. 
"Got  a  clear  interpretation  of  it  all  the  time ;  kept  its  feeling- 
tone  pretty  well.     Seemed  to  be  riding  through  at  high  speed. 
Woods  altogether  different  from  in  (36).!." 

The  familiarity  gained  during  the  early  exposures,  when  these 
are  at  low  speed,  seemed  to  influence  sometimes  the  results  at 
high  speed.  Hence  the  rest  of  the  series  in  this  section  were 
taken  in  the  opposite  order.  This  method  brings  out  the  selec- 
tive and  assimilative  feat^^res  of  the  appercep^'^^e  process  still 
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Series  III  will  be  given  complete.^®  (a)  represents  speed  36; 
(b),  29;  (c),  24;  (d),  16. 

In  trials- 1,  an  old  lady  with  her  knitting,  from  Leksand, 
was  used  in  alternation  with  a  frightful  'comic,'  a  caricature 
of  an  old  woman,  with  a  dog,  the  latter  being  humorous.  In 
trials-2,  Luise  von  Preussen  was  substituted  for  the  caricature. 
Subject  "K"'s  results  are  dropped,  owing  to  a  mistake  in  the 
order  of  trials.    The  length  of  each  trial  was  30  seconds. 

Subject  'T." 
Feb.  28,  19 1 3. 

a-i.  "Faces  stood  out  strongly.  'Old  woman'  etc.  worse  than 
the  other  was  good.  Other  had  a  slightly  vicious  expression  .  .  v 
a  little  cross-eyed,  etc.  A  motor  response;  wanted  to  do  some- 
thing about  it,  but  doesn't  know  what." 

a-2.  "That  was  the  niece  or  granddaughter  of  the  other.  Old 
lady  looking  at  her, — more  intellectually  alert  than  the  girL 
Girl  rather  pathetic, — ^but  more  a  symbol  than  a  livhig  object 
Old  lady  was  living — much  better  than  in  (i),  more  human, 
didn't  have  the  witch-like  cackle  you  might  have  expected 
before. 

b-i.     "Leksand   old  lady   looking  worse  again;   back  to  her 

"The  task  of  the  present  section  was  so  difficult  that  the  subjects,  even 
those  of  long  experience  tended  largely  towards  objective  description  instead 
of  strict  analysis  in  subjective  terms.  They  described  the  pictures  instead  of 
their  own  feelings.  However,  in  view  of  the  interesting  way  in  which  these 
descriptions  vary  with  the  method  of  exposure,  it  seemed  best  to  allow  the 
statements  to  be  made  in  the  more  natural  form,  rather  than  to  run  the  risk 
of  falsifying  the  results,  or  getting  none  at  all  by  strict  insistence  upon 
the  technical  form  of  report.  The  variations  in  the  descriptions  may  be 
interpreted  as  indicating  changes  in  the  response  of  the  subject,  with  some 
risk  of  error,  it  must  be  admitted.  Mere  verbal  associations  may  cre^  into 
the  objective  statements  and  it  may  be  difficult  to  sift  them  out  from  the 
genuine  response  objectified.*  Still,  with  all  due  respect  for  laboratoiy 
tradition,  I  feel  that  in  such  a  case  as  the  present,  where  the  facts  of  in- 
hibition, parallelism,  etc.,  and  not  the  analysis  of  the  single  feelings, 
the  object  of  investigation,  it  is  wiser  not  to  insist  upon  one  form  of 
rather  than  another,  but  to  put  as  much  stress  as  possible  upon  accuracy  of 
the  statements  made.  Some  introspections  which  cannot  be  wholly  justified 
even  by  the  above  views  have  been  included  in  order  to  keep  the 
complete. 

♦  Cf.  Santayana,  "The  Sense  of  Beauty.** 
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original  condition;  also  too  idle;  ought  to  be  tending  to  her 
work.  The  other  creature  was  making  more  noise  this  time, 
worse  than  before.     (Two  entirely  separate.) 

b-2  "Leksand  old  lady  back  to  her  pleasant  expression  ag^in. 
Young  woman  improving.     Feelings  separate — ^transition." 

c-i.  "The  frantic  specimen  has  turned  into  an  object  of  ab- 
normal psychology.  Heard  the  dog  saying,  "My  dear  woman, 
you're  making  a  great  mistake."  Better  than  before,  not 
unpleasant. 

"Other  old  lady  just  a  placid  spectator  of  specimen;  lacks 
initiative." 

c-2  "Take  on  now  a  more  special  attitude.  Old  lady  Swedish, 
girl  German  type.     Both  very  pleasant." 

d-i     "Leksand  .  .  .  had  a  dish-cloth  about  her  neck;  stripes 
in  dress  noticed.     Doesn't  vary  in  pleasantness  from  before. 
"In  other,  dog  gained  in  vivacity.     Specimen  just  the  same 
as  before." 

d-2     "Doesn't  like  either  of  them,     Too  immobile." 

Subject  "F" 

Feb.  28,  1 91 3. 

a-i  "Good-natured,  motherly  woman  seemed  to  be  exposed 
much  longer.  Attracted  to  her;  shrank  from  the  other.  Both 
faces  grew  in  distinctness  and  clearness  as  trial  went  on.  Ap- 
preciation increased  too.  Kindly  feeling  towards  good-natured 
woman.  She  grew  more  so  as  trial  went  on,  while  the  cross 
one  grew  crosser,  so  the  two  seemed  to  be  farther  apart  at 
end. 

"Feelings  entirely  distinct.  Strain  at  transition,  a  sort  of 
screwing  up  of  face." 

a-2  "Thought  the  old  lady  was  clear  before,  but  this  time 
much  clearer ;  clothing  brilliant ;  figures  stood  out.  Young  lady 
very  pretty.  Two  mutually  supported  each  other.  His  social 
attitude  towards  them  is  a  good  deal  the  same.  Did  not 
associate  them  personally. 

'No  strain  at  transition. 

In  (i)  the  old  lady  seemed  to  want  to  make  the  best  of 
everything.  In  (2),  she  was  just  bubbling  over  with  good 
nature;  was  realh   gfood  in  herself." 
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b-i  "Pictures  farther  apart.  Strain  is  greater.  Both  clearer, 
but  good-looking  old  lady  more  so.  Details  of  her  dress  come 
out  more.  Feelings  stronger  this  time.  Good  old  lady  seems 
to  be  wanting  people  to  overlook  the  weakness  of  others,  to 
make  the  best  of  things.  O.  wanted  to  ignore  the  bad  picture. 
She  seemed  farther  away  this  time." 

b-2  "The  old  lady  is  more  brilliant,  vivid  now,  as  if  a  spot-light 
were  turned  on  her.  Before  she  was  more  prominent  than 
young  lady,  but  now  the  emphasis  of  attention  goes  to  the 
young  lady 

"Relaxation  instead  of  strain  as  in  (i). 

"More  pleasant  than  in  a-2,  a  greater  contentment." 

c-i.  "  That  old  witch  and  I  had  it  out  that  time.'  She  was  the 
more  prominent  in  consciousness.  A  kind  of  a  cussed  feeling 
about  her.  Made  out  the  dog  this  time.  First  time  he  has 
seen  him." 

c-2.  "Old  woman  a  little  tense  and  anxious  in  comparison 
with  the  calm  composure  of  the  young  lady.  Both  pleasant, 
but  there  is  this  difference.  One  a  little  tense,  other  relaxation. 
Does  not  think  of  old  lady  as  so  benevolent  now." 

d-i  "Wise  old  dog  has  come  to  his  rescue  again.  Old  lady 
no  better,  but  he  doesn't  take  her  so  seriously.  Longer  time 
gives  him  a  chance  to  grasp  them  more  fully.  Attitude  seems 
much  more  complex  than  before.  Other  old  lady  still  a  pleasant 
relief,  but  the  emphasis  is  upon  the  bad  one.  Still  entirely 
distinct." 

d-2  "The  young  woman  is  more  beautiful.  Set  of  head  and 
the  graceful  lines  come  in  more. 

"Old  lady  looks  more  foxy.     A  little  glint  in  her  left  eye. 
Her  character  hurt  a  little." 

a-i"Not  the  same  as  the  first  time,  but  the  Leksand  woman 
is  a  relief  from  the  other;  a  strong  personality;  does  not  take 
her  as  so  good  as  before.  But  the  emphasis  of  attention  goes 
to  her  again." 

a-2  "More  as  pictures;  not  so  real  as  at  lower  speed.  (As 
speed  decreased,  he  began  to  feel  acquainted  with  them). 
Doesn't  feel  as  if  he  knew  them  so  well.  Old  lady  still  a  litflc 
crafty." 
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Subject  "H" 
Mar.  4,  191 3. 

a-i  "Very  nice.  Trial  about  half  through  before  she  noticed 
the  unpleasant  one, — and  it  didn't  come  in  other  much.  Seemed 
a  very  short  exposure." 

a-2  "Granny  lost  by  comparison.  Likes  the  girl  better, — a 
darker  picture.     Both  pleasant." 

b-i  "Very  nice.  Unpleasant  one  not  unbearable  because  it 
helps  to  make  the  other  pleasant.  Old  lady  very  charming 
just  as  at  first.     Exposures  seemed  equal." 

b-2  "About  the  same  as  a-2.  Girl  pleasant;  old  lady  less  so 
(than  with  other  specimen). 

"Difference  in  speed  does  not  seem  to  make  any  difference 
in  feeling." 

c-i  "A  little  less  pleasant  than  before.  Unpleasant  picture 
seems  to  occupy  three-fourths  of  the  time,  and  the  unpleasant- 
ness seems  to  lessen  the  pleasure  in  the  old  lady." 

C'2  "Doesn't  respond  to  the  old  lady's  smile  now.  Girl  pleas- 
ant, cool  and  calm,  slightly  unresponsive,  but  she  likes  that." 

d-i  "The  next  step  in  the  same  direction.  Unpleasant  ex- 
posure longer;  takes  away  from  the  pleasantness  of  the  other. 
Not  positively  unpleasant." 

d-2  "A  distinct  pleasure  each  time  the  girl  comes.  Old  lady 
much  less  pleasant.  Once  she  thought  the  girl  was  exposed 
longer." 

Subject  "C" 
Mar.  12,  191 3.    Sleepy. 
a-i     "Hurt  her  eyes  so  much  she  had  to  stop." 

a-2  "Too  fast  to  get  any  feeling,  but  she  did  look  for  the 
whole  30  seconds." 

"Luise  self-satisfied  looking." 

b-i  "Just  mildly  bored.  Hurts  her  eyes;  feels  cross-eyed  at 
every  shift." 

b-2  "Sure  the  old  lady  hasn't  any  teeth,  and  the  other  lady 
looks  flat;  and  she  isn't  a  bit  surprised  by  either  of  them." 

c-i  "Rather  a  boring  experience.  Very  slight  feelings.  Pleas- 
ant and  unpleasant  alternating." 

c-2.     "Pleasant  one  in  the  dark.     Old  lady  still  lacks  teeth." 
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d-2.  "Pictures  in  other  positions.  Both  much  better,  old  lady 
not  so  sharp;  girl  better. 

"Trial  seemed  very  short,  not  more  than  a  quarter  as  long 
as  the  others." 

d-i  "Pictures  reversed.  Caricature  not  real  to  her  at  all.  Old 
lady  just  a  normal  old  lady,  mildly  pleasant,  not  so  much  so  as 
with  girl.  Not  interesting,  but  her  attention  is  on  old  lady, 
not  on  caricature." 

Subject  "J" 
Mar.  6,  1913. 

a-i  "First  time  he  saw  the  witch,  just  recognition.  Other 
old  lady  slightly  pleasant.  Next  thought  of  Shakespeare's  Mac- 
beth, but  said,  the  witch  of  Endor.  Noticed  her  feet,  then 
noticed  old  lady's  glasses,  didn't  like  them.  Both  real.  Old 
lady  (sewing)  venerated  for  her  character,  etc.  Then  attention 
shifted  from  the  pictures  themselves  to  the  effort  in  seeing." 

a-2  "Both  continuously  pleasant.  Practically  fused.  Parts  of 
one  situation.  Old  lady  looking  at  the  damsel.  Strong  organic 
reaction.  A  sort  of  anticipation  of  the  shifting,  no  effort 
Imagery  carried  through  as  well  as  feeling." 

b-i  "That  time  those  two  pictures  fused.  Old  witch  had  come 
to  try  and  hypnotize  old  lady.     A  very  amusing  situation." 

b-2  "Young  lady  very  pleasant.  Thought  of  her  as  a  real 
leader,  a  genius.  Two  pictures  separated  now.  Old  lady  just 
off  to  one  side, — indifferent.  When  she  came,  was  thought  of 
in  the  situation  of  b-i." 

c-i  "Discovered  the  dog  this  time.  Couldn't  make  him  out 
before.  Amusing.  Old  lady  knitting;  didn't  know  that  before. 
Experience  indifferent  except  for  dog.  Didn't  think  of  a  single 
thing  outside  the  pictures.     Quite  real." 

c-2  "Rather  a  mixed-up  affair.  Both  of  the  previous  situa- 
tions tried  to  get  back,  but  did  not  succeed.  Pictures  taken 
separately.  Associations  came  in.  Young  lady  still  slightly 
pleasant;  old  lady  indifferent.  Young  lady  not  so  well  balanced 
as  before.  Thought  of  a  story  he  had  read.  This  girl  taken 
as  an  American  who  had  married  a  Grerman." 

d-i  "Ever>'thing  except  the  dog  absolutely  indifferent  Same 
situation  as  before.  Dog  is  an  on-looker  enjoying  the  situation. 
Empathy.  Old  lady  is  getting  nothing  done.  Wants  to 
her  do  something." 
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d-2  "Brightly  lighted  old  lady  butts  in.  Adjustment  rather 
painful. 

"Young  lady  pleasant,  still  real.    Not  thought  of  as  a  picture. 

"Old  lady  herself  indifferent.  Bright  light  unpleasant.  No 
carrying  over  of  pleasantness.  Has  to  begin  again  each  time. 
Absolutely  no  anticipation.*' 


HJtl 


Subject  "I 
Mar.  20,  19 13. 

a-i  "Distinctly  grew  in  disagreeableness  from  beginning  to 
end.  The  worse  was  so  bad  that  the  other  hardly  came  in  at 
all ;  so  bad  that  it  held  over  and  was  anticipated.  Stronger  reac- 
tion to  it  every  time.  Unreal,  but  horrible,  like  waking  up  from 
nightmare.     Fascinated,  yet  repelled." 

a-2  "Pretty  girl  preponderated,  but  the  old  lady  was  an  annoy- 
ance. As  if  he  were  looking  right  at  her  without  really  seeing 
her,  but  not  so  much  as  he  would  have  liked.  No  illusion 
about  time.  Feeling-tone  ran  in  two  layers.  Girl  distinctly 
pleasant,  but  there  was  an  undercurrent  of  annoyance.  Rela- 
tive strength  of  impression  about  2 J  to  i.    Before  about  5  to  i. 

b-i.  "6  or  7  to  I  this  time.  More  reality  about  old  woman; 
not  a  mere  piece  of  pasteboard,  more  alive,  an  unfortunate 
creature.  Doesn't  think  he  saw  the  other  more  than  twice.  A 
little  pity  comes  in  this  time.  Can  be  taken  as  a  fact,  not  a 
fancy  now." 

b-2  "3  to  I  this  time.  Noticed  a  httle  impatient  catching  of 
his  breath  when  the  unpleasant  one  was  there.  Noticed  that 
he  started  focusing  eyes  for  the  pleasant  one  while  other  was 
still  there.  Once  .  .  .  seemed  to  hold  too  long.  Due  to  his 
focusing  too  soon   for  the  good  one. 

"Feelings  parallel  again  all  the  time.  Wavered  in  strength, 
but  never  broken.  A  sort  of  lemonade  effect,  the  sour  and 
the  sweet." 

c-i  "Getting  angry  with  the  woman.  Dog  came  in  more, 
silly,  rather  pleasant.  Made  him  laugh.  About  8  to  i  in 
strength.     Unreal  again  towards  end.     No  time  illusions." 

c-2.  "Unpleasant  one  a  little  stronger  again.  Stronger  desire 
than  ever  before  to  shut  her  out.  Wanted  to  shut  his  eyes. 
Girl  quite  attractive;  enjoyed  her  more  and  more  to  the  very 
end.  Afterwards  his  memory  brings  up  the  unpleasant  one. 
Unpleasant  one  is  associated  with  the  other  awful  one.  Fairly 
ground  into  him. 
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"Feelings  more  fused  this  time.  Bitter-sweet  with  alternat- 
ing emphasis.  Never  a  complete  absence  of  either.  Almost 
equal." 

Series  IV  was  undertaken  in  order  to  test  the  effect  of  ex- 
citement and  calm,  for  comparison  with  the  results  with  pleas- 
ure and  displeasure.    This  series  also  will  be  given  in  full. 

In  trials- 1,  the  pictures  are  Riksdagshuset  (a  parade,  with 
a  large  building  in  the  background),  and  the  court-yard  of 
the  Boston  Public  Library.  In  trials-2,  a  view  of  a  portico  at 
New  England  Gardens  takes  the  place  of  the  parade.  The 
speeds  are:    (a)  36;  (b)  29;  (c)  24;  (d)  23. 


<(T    ') 


Subject  "L 
Mar.  7,  191 3. 

a- 1  "Too  fast;  couldn't  get  any  ideas  before  it  was  gone  .  .  . 
with  each.  One  looked  like  B.  P.  L.  Other  rattled  her.  Un- 
settled, uneasy.     Pictures  indifferent." 

a-2  "Both  pleasant.  New  one  much  more  so.  Feeling  of  re- 
pose, quiet;  helped  by  buzz  of  machine.  B.  P.  L.  a  little  too 
stiff.     Nearer  apperception  time  in  this  trial." 

b-i  "Parade  one  associated  with  inauguration;  very  attrac- 
tive, sunlight.  Other  moldy  in  comparison.  Parade  seemed 
German;  pleasant.  Just  shut  her  senses  to  B.  P.  L.  B.  P.  L. 
shorter  exposures  than  other. 

"Feels  much  more  comfortable;  breathing  slower  and  easier/' 

b-2  "Still  too  fast  for  comfort.  Worse  than  b-i.  Feels 
choked.    Pictures  pleasant.    Garden  one  more  so." 

c-i     "Very  much  more  comfortable. 

"Emphasis  is  on  the  parade;  French  or  German.    Other  just 
fills  in  time;  not  positively  pleasant." 

:-2     "Garden  gaining  in  pleasantness;  other  losing." 

l-i  "Got  into  rhythm  of  motor.  Took  away  a  little  of  her 
Reeling  for  pictures. 

'Gaining  interest  in  library  again,  i.e.  relatively.    Other  lost" 

1-2    "Heard  water  splash.     Added  interest.     Both  gaining  a 
rifle  in  pleasantness  on  that  account. 
"Tr^nsitio»^  's  *^ore  easy  *n  (2)  ^h^ry  d^ 
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Subject  "F" 
Mar  7,  1913. 

a-i  "Incongruity  between  the  two  pictures ;  and  fellows  march- 
ing spoil  the  picture.  Uniforms  look  black.  At  this  speed  they 
hardly  look  like  human  beings.  Irregular,  jerky,  in  contrast 
to  lines  of  the  buildings.  (Procession  came  first,  then  "man- 
sion.")   Wanted  to  get  rid  of  band.'' 

a-2.  "So  beautiful  he  can't  describe  it.  Affected  his  breathing. 
Felt  as  if  he  wanted  to  say  something,  but  didn't  know  what 
to  say.  The  two  mutually  strengthened  each  other.  (B.  P.  L.) 
a  little  dim.  Wanted  it  to  be  as  well  lighted  as  the  other. 
Both  beautiful." 

b-i.  "Other  speed  was  too  fast.  This  helps  the  parade.  The 
men  seemed  to  be  really  marching  this  time.  The  beautiful 
picture  was  not  so  dim.     Both  improved." 

b-2.  "Seems  to  understand  the  (B.  P.  L.)  picture;  seemed  to 
be  an  inner  court ;  seemed  to  be  the  Jefferson  Hotel  in  Richmond. 
Pleasanter  because  he  appreciated  it  better.  Other  not  surpris- 
ing of  course,  but  beautiful.  Had  more  opportunity  to  grasp 
details." 

c-i.  "Couldn't  see  much  change.  More  empathy  for  the 
marching. 

"(B.  P.  L.  is  a  different  building;  a  government  building  of 
some  sort.")     (Association). 

c-2.  "Both  hotels  this  time.  Gets  more  details  now.  Noticed 
the  pottery  this  time  and  the  pond  of  lilies,  fountain  in  inner 
court,  etc.     Both  pleasant.     Just  as  beautiful  as  before." 

d-i.  Didn't  enjoy  the  soldiers  marching  so  much.  Other,  if 
anything,  more  beautiful.  Noticed  lines  of  columns,  etc.  No 
response  to  rhythm. 

"Both  government  buildings." 

d-2.     "Both  again  in  detail  and  in  appreciation.     Both  hotels. 

Enjoyed  more  than  before.    Two  are  more  on  a  level.    (B.  P.  L.) 

not  so  dim,  but  imposing.     It  will  wear  well,  not  get  tiresome. 

"Transition  in  (i)   very  abrupt;  in   (2)   hardly  noticeable." 


«T»» 


Subject  "J^ 
Mar.  13,  1913. 

a-i.     "First  mood  called  up — Berlin- — wouldn't  quite  fit  in.  Oth- 
er B.  P.  L.     But  two  were  taken  together.      Grandeur  of  archi- 
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tecture  in  B.  P.  L.  harmonizing  with  order  of  soldiers.  Speed 
a  little  too  great  for  satisfaction." 

a-2.  "Mood  of  same  quality  as  before,  but  more  pleasant.  Both 
fused  into  one  whole,  just  passing  from  one  part  to  another. 
Satisfied  pleasure.  B.  P.  L,  a  little  barren  in  contrast  with  other. 
Changing  didn't  seem  so  rapid  as  in  a-i ;  could  catch  details 
more  clearly." 

b-i.  "Trying  to  get  details,  but  each  time  the  other  comes 
flip.  Dissatisfaction  with  each  picture.  Got  no  feeling  tone 
for  either  picture  itself.  Experience  as  a  whole  .  .  .  effort 
to  get  details  the  prominent  thing." 

b-2.  Mildly  pleasant  both  of  them ;  courts  of  the  same  building 
or  something  of  that  sort.  A  slight  preference  for  the  more 
complex  one." 

c-i.  "A  German  scene  and  B.  P.  L.  Mildly  pleasant  ...  in- 
active. Scenes  real.  Separate  now.  Can't  recognize  the  build- 
ing, but  takes  it  as  in  Berlin.  Speed  more  satisfactory;  going 
slower.     Pleasure  aesthetic." 

c-2.  "Mildly  pleasant,  both  of  them.  Not  the  library  now. 
Two  are  parts  of  same  palace.  Thought  how  nice  it  would  be 
to  walk  along  by  the  water.  Pleasure  erratic.  Organic  reac- 
tions. Remembers  looking  at  flowers,  grass,  water,  etc.  Bust 
started  associations,  one  of  the  museums  in  Paris." 

d-i.  "B.  P.  L.  again.  Mood  of  public  building.  Mild  admira- 
tion for  architecture.  He  is  a  spectator.  No  immediate  con- 
nection, i.e.  local.  They  are  both  public  places.  No  contrast 
in  mood;  no  associations." 

d-2.  "Four  distinct  moods,  perhaps  5.  ist  library;  wouldn't 
work.  2,  a  palace  kept  up  for  show.  3,  Palace  one  in  which 
old-time  kings  live.  4,  Modem  palace,  modem  kings  living 
there.  5,  His  own  house.  Mild  erotic  feeling;  increased  to^ 
wards  end.    Two  pictures  fused  throughout." 

Subject  "H" 
Mar.  18,  1913. 

a-i.  "Very  pleasant  .  .  .  watch  in  Berlin?  .  .  .  enjoyed  it 
very  much.  Other  pleasant  too.  Reminded  her  of  the  B.  P.  L., 
but  not  sure.  (Asked  me;  I  told  her.)  Liked  speed;  seemed 
to  be  doing  things." 

a-2.     "Too  fast  for  the  new  picture;  couldn't  get  anything  out 
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of  it.  Library  still  dignified  and  cool,  but  the  two  little  awnings 
were  very  bad." 

b-i.  "Speed  unpleasant;  made  her  dizzy.  The  marching.  .  .  . 
They  were  getting  too  close.  Library  all  right.  But  men  are 
more  real  than  before.  Going  too  fast;  wanted  to  look  at  them 
longer." 

b-2.  "Doesn't  like  the  shifting.  Feels  familiar  with  the 
library,  .  .  .  but  wants  to  see  the  other,  can't  wait.  Library 
seems  to  be  exposed  ever  so  much  the  longer." 

c-i  "Soldiers  going  to  the  band  concert  in  the  square,  very 
pleasant.  Didn't  see  the  library  at  all;  actually  didn't  know 
it  was  there." 

c-2.  "Didn't  see  the  library  this  time  either,  although  she  had 
intended  to  look  at  it.     (Gardens)  very  pleasant  now." 

d-i.  "Noticed  the  jars  in  the  library  picture.  Otherwise  it 
was  all  the  "Berlin"  picture.  Very  pleasant  associations.  They 
come  in  more  now, — people  that  she  knew,  etc." 

d-2.  "Library  much  the  longer  time.  Noticed  a  lot  of  details. 
Mildly  pleasant,  but  not  interesting.  Wanted  the  other.  Other 
not  there  long  enough." 

Subject  "C" 
Mar.   19,  1913. 

a- 1.  "Too  speedy.  Doesn't  like  it  all.  Hurts  her  eyes.  Knows 
what   the   pictures   are,   but  that's   all." 

a-2.  "Very  pretty  pictures.  Liked  to  look  at  them,  but  to- 
wards end,  eyes  got  cross-eyed  and  hurt  ag^in." 

b-i.  "Liked  the  garden  one,  but  the  people  came  in  too  much 
of  a  hurry.     Contrast  favors   (B.  P.  L.)." 

b-2.  "Very  pleasant;  go  well  together,  but  (B.  P.  L.)  is  lots 
better,  dignified.    Other  ostentatious." 

c-i.  "Likes  the  nice,  calm,  placid  one.  Other  distresses  her. 
Doesn't  like  to  see  them  hurrying.     (Empathy.)" 

c-2.  "Thinks  she  is  turning  socialist.  Wants  to  smash  the 
statue  in  (Gardens).  Much  more  concerned  with  the  pleasant. 
Both  feelings  alternated.     +> — " 

d-i.  "Heard  the  band;  wanted  to  be  there.  Other  just  losing. 
Lots  of  things  finer  than  just  satisfying  one's  senses.  Wanted 
to  be  doing  something." 
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d-2.  Didn't  fit  in  with  her  aroused  mood  at  all.  Wanted 
to  upset  something. — Both  unpleasant.     (Gardens)  the  worse/' 

Subject  "K" 
Mar  19,  1913. 

a-i.  "Both  were  pleasant  of  course,  but  the  palace  made  him 
feel  big.  In  the  other  he  was  just  one  of  the  crowd.  In  the 
palace  he  was  intimate  with  the  people  of  the  place.  Attitudes 
alternated." 

a-2.  "Wasn't  that  difference.  "Palace"  got  more  common- 
place. B.  P.  L.  recognized.  Other  the  approach  to  a  very 
magnificent  house.  He  was  a  spectator  admiring,  ^inquisitive/ 
more  interest  in  it.  Aesthetically  admired  the  pillars  in  B.  P.  L. 
more.  Association  hurt  B.  P.  L.  He  thinks  of  it  as  just  an 
ordinary  building." 

b-i.  "This  time  interest  was  more  for  the  large  building  in 
the  background.     Other  too  isolated  and  simple  a  place. 

"The  big  building  seemed  far  away.  A  good  many  rooms; 
worth  seeing. 

"Still  admired  the  pillars  and  the  magnificence  of  the  square, 
but  it  was  too  simple. 

"No  interest  in  soldiers." 

b-2.  "More  curiosity  now  for  the  house.  Pleasant.  Other 
not  so  much  as  before;  too  isolated.  Might  have  been  a  jail. 
House  in  the  open,  considered  the  surroundings." 

c-i.     "Liked  the  picture  with  the  soldiers  much  better  than 
the  other;  more  life  in  it.     Other  got  monotonous. 
"Soldier  picture  better  than  before." 

c-2.  "No  difference  from  b-2.  Liked  the  approach  to  the  house 
better/' 

d-i.  Soldiers  seem  more  pleasant  than  before.  Enjoyed  the 
march  of  the  soldiers  .  .  .  and  the  music;  and  wanted  to  be 
in  the  big  building. 

'^ther  more  monotonous,  commonplace." 

±  ^       'This  time  thought  of  the  house  as  the  approach  to  the 
"^•ic-yard.     (I  told  him  to  pay  attention  to  the  transition). 
\v,t  so  plea*=^nt  ^"^    he  picti^^^  on  the  street  (soldiers), 
'"ransi^^'^*^   no.    nfficult  't    :itbe     -'a^'*.     C'^ntrast  helps  hia 
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Subject  "I" 

April  5,  1913. 

a-i.  "Feeling-tone  ...  as  long  as  he  remained  passive,  the 
two  reinforced  each  other  steadily.  When  he  tried  to  grasp 
details  of  the  street  scene  it  was  rather  painful,  detracted  from 
the  feeling-tone.  When  he  just  took  it  easy  and  let  them  come 
both  were  very  pleasant,  and  steadily  reinforced  each  other. 
Feeling  for  the  two  much  the  same.  Same  bodily  processes. 
And  the  different  aspects  of  the  soldier  picture — the  feeling  for 
the  glamour  of  it  persisted  during  exposure  of  other.  Reverse 
not  true.     (Speed  difficult.)*' 

a-2.  "The  familiar  one  is  more  pleasant.  Speed  too  great  for 
the  new  one.  Picture  itself  pleasant,  but  its  disappearance  so 
soon  very  harrowing.  Felt  eager  to  get  more  details.  Over- 
effort  to  accommodate  the  eyes;  haste,  a  sort  of  diffusion  of 
energy  generally.  Tension  in  the  back  of  neck,  etc.  An  effort 
to  prolong  the  image  seems  to  proceed  from  inside  the  head. 
Strange  tension. 

"Relaxation  was  added  to  the  enjoyment  of  the  other  picture. 
Yet  there  was  a  desire  to  get  back  to  the  other  and  solve  it." 

b-i.  "A  tendency  to  concentrate  attention  on  soldiers.  Other 
almost  passed  out  of  sight  in  several  cases.  Very  marked  in- 
crease in  the  feeling-tone  for  soldier  picture.  Could  under- 
stand it  much  better.  Doesn't  have  to  begin  again  each  time. 
Pleasant,   feeling  varied,  mingled  with  curiosity." 

b-2.  "Much  the  same  change  in  appreciation  of  (Gardens), 
but  it  didn't  interfere  with  the  appreciation  of  the  palace 
(B.  P.  L.)  Transition  almost  instantaneous  and  practically  tm- 
noticeable.  Whole  process  of  apprehension  and  enjoyment 
practically  the  same  in  the  two.  House  part  of  (Gardens)  ; 
became  quite  famiHar." 

c-i.  "Associations  begin  to  come  in.  He  "recognizes"  the 
pictures.  Could  go  from  one  picture  to  the  other  easily  this 
time.  Palais  Royal  and  Pont-Alexandre,  facing  Louvre.  More 
interested   in  architecture  than   in  the   soldiers." 

c-2.  "Nothing  to  be  added  to  b-2.  Vines  noticed  this  time. 
Feeling  identical  throughout." 

Series  V  dealt  with  the  relations  of  humor  and  aesthetic  and 
religious  sentiment.  In  trials-i,  Katarina  Kyrka  in  Stockholm 
was  used  with  a  humorous  picture  of  two  dogs  and  a  bottle 
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of  champagne.  In  trials-2,  the. church  is  replaced  by  another 
dog  picture,  two  pups  tumbling  out  of  the  basket  of  a  balloon 
as  it  strikes  earth.  In  trials-3,  Stephans-kapellet  is  used  with 
the  other  church.  The  speeds  were  (a)  36;  (b)  24;  and  with 
one  subject,  (c)  12.  The  results  were  very  much  the  same 
for  all  subjects.  Those  of  "F"  will  be  taken  as  an  illustration. 
Each  trial  lasts  30  seconds. 

Subject  "F" 
Mar.  21,  1913. 

a- 1.  "Couldn't  get  much  out  of  it.  One  humorous,  other 
beautiful.  So  disparate  that  they  did  not  seem  to  influence. 
Lines  of  "school  building"  pleasing;  dogs  humorous.  Pleasant 
all  through.  A  slight  break  at  transition.  Didn't  belong 
together  at  all." 

a-2.     (Was  laughing  to  himself  all  the  time.) 

"Reinforced  each  other.  Not  in  the  same  place.  Dogs  fall- 
ing out  of  the  basket  are  enjoying  it,  but  he  couldn't  make  out 
the  basket,  who  was  pulling  the  strings.  Whole  thing  frolic- 
some.    Transition  much  less  marked;  hardly  noticed." 

a-3.     ("Oh,  that's  fine";  spoken  at  beginning.) 

"That's  beautiful.  Big  brick  church  magnificent  Not  just 
sure  what  the  other  is,  school,  court-house,  or  house.  Sup- 
ported each  other,  just  as  the  two  dog  pictures  did.  Grandeur 
of  architecture,  especially  in  church;  lines  of  other  not  so  clear 
because  of  the  trees,   etc. 

"Transition  very  slight." 

b-i.  "More  incongruous.  Transition  at  first  startling.  Couldn't 
take  the  dogs  as  humorous  as  before.  Beauty  of  building  didn't 
strike  him  as  it  did  before.  Dog  situation  is  rather  trifling. 
Dog  not  as  funny  as  he  wants  to  be." 

b-2.  (Laughing  again.)  "They  are  funny;  you  can't  he^p 
reacting  that  way.  Discovers  now  that  there  was  a  good  dead 
of  tension  in  b-i.    Relieved  now.     Both  pictures  funny." 

b-3.  About  the  same  as  before.  Of  course  some  of  the  new- 
ness is  gone,  but  the  same  relationship.  They  mutually  sup- 
port each  other. 

"Immensity  of  space  prominent;  all  out-doors.  He  notices 
difference  in  his  breathing. 

("Dogs  rather  cooped  up — in  a  yard,  or  something  of  the 
sort.") 
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In  Series  VI,  I  selected  two  winter  scenes  and  two  summer, 
and  used  first  one  of  each,  then  the  two  winter  scenes  and  the 
two  summer  scenes.  This  was  repeated  at  speeds  36,  29,  and 
24.  I  wished  to  study  the  interference  of  the  complex  attitudes 
towards  the  two  kinds  of  scenery.  With  all  the  subjects  except 
"I",  there  was  an  interference, — 'discord,'  *loss  of  bearings,' 
'a  slight  conflict,'  'vehement,'  'senseless,'  'hard  to  go  from  one 
to  the  other,'  etc. 

I  believe  the  above  will  be  a  sufficient  indication  of  the  methods 
and  results  in  this  section.  The  important  points  seem  to  be 
these:  The  frequent  apperceptive  synthesis  depends  upon  the 
objective  similarity  of  the  pictures,  and  is  of  only  minor  im- 
portance for  us  here.  The  tendency  to  increase  'by  contrast' 
comes  when  the  general  field  of  appeal  is  the  same.  With 
complex  presentations  there  is  a  marked  tendency  to  selection 
or  assimilation,  working  towards  identity  or  direct  opposition. 
Mixed  or  parallel  feelings  seem  to  occur  when  the  two  separate 
attitudes  differ  slightly  in  meaning  or  field  of  appeal.  They 
may  be  either  of  the  same,  or  of  opposite,  value.  They  occur 
(with  the  materials  used)  only  with  certain  subjects,  and  seem 
to  depend  upon  the  scope  of  attention,  though  only  roughly 
so.  They  occur  only  when  the  feelings  are  well-marked.  The 
parallelism  is  often  one-sided,  so  to  speak.  A  strong  feeling 
may  persist  without  inhibiting  the  weak  feeling,  while  the  latter 
is,  as  a  rule,  broken.  The  most  frequent  results  are  contrast 
or  inhibition. 

The  effects  of  the  different  speeds  need  no  discussion  at  this 
point.  They  come  out  more  clearly  in  the  use  of  the  method 
of  continuous  variation.  Beginning  with  Series  VII  the  work 
of  this  section  was  mostly  at  high  speed,  beginning  with  72 
and  working  downwards.  As  still  higher  speeds  were  used 
in  the  later  sections,  there  is  no  harm  in  omitting  the  remainder 
of  the  present  one. 

We  now  come  to  the  experiments  with  variation  of  speed 
within  the  single  trial.  The  apparatus  was  rather  crude,  so  that 
the  results  are  valuable  chiefly  in  a  qualitative  way,  though  they 
give  some  indication  of  the  possibilities  of  quantitative  work.^* 

"The  disk  was  revolved,  during  this  season,  by  means  of  a  direct-cur- 
rent motor,  controlled  by  a  rheostat. 
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After  a  few  preliminary  trials  with  speed  constant,  the  work 
falls  into  the  following  divisions:  b i,  trials  starting  at  about 
25  pairs  of  exposures  per  minute  and  gradually  increasing  to 
about  50.  In  this  section  no  special  directions  were  given  as 
to  the  attitude  to  be  assumed  towards  the  experience.  The 
task  was  the  same  as  in  A.  4,  with  the  greater  emphasis 
upon  the  tracing  of  the  course  of  the  feelings ;  b  2,  consists  of 
trials  in  which  the  subjects  were  asked  either  to  try  to  get  the 
feelings  or  to  be  passive ;  b,  3,  the  concluding  section,  consists 
of  two  series  of  trials  with  distraction,  in  the  form  of  mental 
arithmetic.  These  trials  were  expected  to  throw  some  light 
on  that  part  of  our  hypothesis  (conclusion  of  A.  3)  which  refers 
to  the  scope  of  attention.  In  the  last  two  sections,  high  speeds 
were  used. 

The  materials  were  those  of  the  first  season.  All  the  subjects 
except  "K"  were  new,  and  I  wished  to  extend  the  results  with 
the  same  pictures. 

Selections  from  the  results  of  b.i  and  b.2,  and  the  two  series 
of  b.3  will  now  be  given. 

b.  I.     Method  as  stated  above,  trials  lasting  about  45  seconds. 

Subject  "A" 
Oct.  8,  191 3. 
Trial  i.     Riksdagshuset  &  Courtyard  (B.  P.  L.) 

"Picture  with  columns  very  pleasant.  Other  about  indifferent. 
Suggestion  of  militarism  once  or  twice,  somewhat  disagreeable, 
but  pleasure  did  not  disappear  even  then.  Was  occupied  almost 
altogether  with  the  column  one. 

"A  constant  background  of  pleasure,  at  times  tinged  with 
unpleasantness." 

Trial  2.    N.  E.  Gardens  (portico)  &  B.  P.  L. 

"My!  That's  great.  Both  quite  pleasant.  The  new  one  is 
the  better  of  the  two.  As  the  speed  increased,  tended  to  dwell 
'^n  the  new  one,  even  when  the  other  came,  and  the  other  be- 
came less  pleasant  than  before. 

"The  feelings  differed,  but  both  pleasant.  Cannot  describe 
h^  difference. 

"At  first,  the  two  feelings  alternated,  distinct.  The"  **»*» 
■  e^lipof  ^or  ^^  A  npw  one  Sec^*^*?  ^  f^ov^^'^^t  bacl^orr'^und 
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Trial  3.  Rear  View  Paul  Revere  House,  &  Arbor  (N.  E. 
Gardens. ) 

'Arbor — happy,  quiet. 

'House — poverty, — squalid. 

'As  trial  went  on,  attention  was  monopolized  by  the  arbor. 
At  first  feelings  alternated,  then  the  happiness  became  constant, 
and  was  momentarily  tinged  with  sadness, — a  sort  oiE  sad  happi- 
ness.   The  happiness  during  exposure  of  arbor  was  unalloyed." 

Trial  4.     Road  to  Sleepy  Hollow  &  Arbor. 

"There  is  a  difference  in  the  feelings;  the  old  one  secluded; 
nice  place  to  walk  with  a  girl;  other  open.  Marked  change 
in  the  attitudes  at  transition;  alternated  distinct  until  very  last, 
when  tended  to  dwell  a  little  on  the  old  one,  but  there  was  no 
holding  over  of  one  feeling  into  other  this  time.  +  all  the  time, 
in  varying  degrees,  i.e.  the  things  themselves. 

"A  little  unpleasantness  came  in  at  transition,  due  to  the 
change.     Wanted  to  dwell  on  the  arbor." 

Oct.  22,  1913. 

Trial  i.    Kitten  on  pedestal  &  I  am  for  Prohibition. 

The  wet  cat  seemed  funny.    This  feeling  waned. 

'Other  pleasant,  too,  but  different.     Wanted  to  pat  it. 

The  feelings  alternated.  Then  humor  waned,  and  the  other 
feeling  tended  to  hold  over.     The  feelings  overlapped." 

Trial  4.     Elsie  Ferguson  &  Ancient. 

**One  attractive;  other  horrid,  ugly,  didn't  want  to  see  it 
at  all,  but  couldn't  shut  it  out. 

"Feelings  alternated  at  first,  then  towards  end  the  pleasure 
seemed  to  be  combined  with  the  repulsion. 

"There  was  some  notion  of  assimilating  the  two  in  percep- 
tion, which  made  the  feeling  all  the  more  horrible. 

"He  has  no  doubt  whatever  about  the  reality  of  this  "awful 
loveliness." 

Trial  5.     Elsie  Ferguson  &  Audrey  Burton. 

"Both  pleasant;  at  first  not  much  different,  but  later  when- 
ever the  girl  with  the  hat  came,  he  felt  like  saying.  Oh  you! 
This  feeling  more  sexual,  other  dignified.  These  feelings  alter- 
nated all  through.     No  blendings. 

"No  tendency  to  assimilate  the  two." 

Subject  "B" 
Oct.  7,  1913. 

Trial  I.     Paul  Revere  House  &  Road  to  Sleepy  Hollow. 
"At  first  old  house  was  unpleasant,  but  got  adapted  to  it. 
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Then  when  the  speed  increased,  the  eflfort  at  adaptation  was 
unpleasant,  chiefly  due  to  eye  sensations.  No  longer  any  time 
to  enjoy  trees.  The  feeling  for  the  pictures  themselves 
disappeared." 

Trial  2.    N.  E.  Gardens  (Arbor)  &  Road  to  Sleepy  Hollow. 

"Noticed  a  tendency  to  breathe  in  rhythm  with  the  two. 
Didn't  like  the  high  speed.  Couldn't  enjoy  either  or  get 
olfactory  imagery. 

"2  much  the  more  pleasant  trial. 

"In  I  pleasure  added  to  trees,  due  to  contrast.  In  2  trees 
not  so  distinctly  pleasant  as  before,  because  the  apple  blossoms 
were  better." 

Oct.  14,  1913. 

Trial  i.     Luise  von  Preussen  &  Leksand. 

"Very  pleasant  until  about  halfway  through;  then  (as  speed 
increased)  the  pleasure  diminished.  Liked  the  girl  a  little 
better." 

Trial  2.     Leksand  &  Old  woman  of  Gloucester. 

"This  time  liked  the  high  speed  better,  except  the  very 
highest. 

"The  old  lady  (caricature)  was  very  disagreeable.  Good 
one  a  decided  relief. 

"High  speed  cut  out  unpleasant  details. 

"Feelings  entirely  distinct;  simple  alternation. 

"Leksand  better  in  second  trial  than  in  first." 

Oct.  28,  1 91 3. 

Trial  2.     Madame  Recamier  &  Dude  with  Bundles. 

"At  first  increase  of  speed  increasingly  pleasant,  then  faded 
again. 

"Female  fairly  pleasant,  but  her  dress  was  unsuitable.  A 
little  revulsion ;  this  held  over  sometimes  and  was  then  with  the 
humor.     No  holding  over  the  other  way." 

Trial  3.    Madame  Recamier  &  La  Cruche  Cassee. 

**At  first  pleasant,  but  as  soon  as  he  noticed  details  of  dress, 
whole  thing  was  unpleasant. 

"The  former  one  not  as  bad  as  the  new.  The  old  was  a 
little  good  by  contrast.  The  worse  feeling  held  over  into  the 
exposure  a  little." 

Trial  4.     Two  old   Salts   &  La  Cruche  Cassee. 

**The  pleasant  feeling  held  over  all  the  time.     Occasionally 
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there  was  a  slight  ill-defined  unpleasantness  along  with  the 
pleasure,  during  exposure  of  girl.  Once  there  was  a  break  in 
the  pleasure." 

Trial  5.     My  Chauffeur  &  Remembered  by  St.  Valentine. 

"Whole  experience  pleasant;  less  so  towards  the  end.  Old 
lady  more  pleasant,  humorous.  The  humor  was  held  over  a 
good  deal,  sometimes  through  entire  exposure  of  girl;  at  others 
crowded  out  by  a  quieter  feeling. 

"Sometimes  the  girl  seemed  to  be  smiling,  but  he  doesn't 
think  she  really  was.  Seemed  to  be  a  carrying  over  of  his  own 
Einfuhlung." 

Nov.  4,  1 91 3. 

Trial  i.     Mona  Lisa  &  Old  woman  of  Gloucester. 

"The  rate  seemed  to  be  pretty  much  indifferent;  a  little  too 
fast,  but  increase  didn't  seem  to  make  any  difference.  Mona 
Lisa  slightly  pleasant;  other  only  slightly  unpleasant. 

"The  pleasantness  of  Mona  Lisa  held  over  an  instant,  appear- 
ing localized  near  the  centre  of  the  field;  the  unpleasantness 
from  the  wench  seemed  to  'wiggle'  in  from  the  lower  left 
comer,  and  when  partly  in,  the  pleasantness  from  the  other 
'exploded'  and  the  unpleasantness  spread  over  the  whole  picture." 

Trial  2.    Osteraker  &  La  Vergine  Afflita. 

The  higher  speed  was  slightly  unpleasant. 

The  nun  slightly  sad  and  very  slightly  unpleasant;  feeling 
of  degression ;  the  Dutch  girl  rather  pleasant.  In  passing  from 
the  girl  to  the  nun  there  was  abrupt  change  of  feeling.  The 
pleasant  coy  feeling  became  suddenly  sad,  distinct  empathy. 
The  slightly  unpleasant  feeling  of  the  nun  held  over  nearly 
every  time  (during  slower  rate)  into  the  other  picture,  and  the 
pleasantness  of  the  Dutch  girl  seemed  to  come  from  underneath 
and  push  up  through,  and  shove  the  sad  feeling  aside." 

"Trial  3.    Hallowe'en  Greeting  &  El  Divino  Pastor. 

"Faster  rate  got  unpleasant,  as  before.  Not  time  enough 
to  see  them. 

"Jack  o'  Lantern  pleasant,  quite  pleasant.  Other  less  pleasant ; 
looked  sad. 

"Alternated  distinctly;  two  degrees  of  pleasantness. 

"Suggestion  of  the  lesser  degree  of  pleasantness  of  the  shep- 
herd holding  into  the  higher  degree  of  the  jack  o'  lantern,  which 
immediately  crowded  i^  out.  No  tendency  in  the  opposite 
dirp'^tion    ~'rn  c'ire." 
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Subject  "N" 
Oct.  31,  1913. 
Trial  i.     Mona  Lisa  &  Old  woman  of  Gloucester. 

"Slight  unpleasantness  in  both. 

"Doesn't  like  the  smirk  in  Mona  Lisa.  The  other  counter- 
acted that  and  had  a  slight  pleasantness  on  that  account.  On 
the  other  hand,  the  coloring  in  Mona  Lisa  is  pleasant,  and  the 
other  bad  by  contrast.  Mona  Lisa  was  always  the  main  thing, 
and  the  other  a  foil  for  it,  either  good  or  bad.  Could  not  say 
just  how  the  feelings  behaved." 

Trial  2.     Repetition. 

"Once  with  Mona  Lisa  there  was  a  mixed  feeling,  tmpleasant- 
ness  dominant,  but  with  a  slight  pleasantness  due  to  the  colors. 
Mona  Lisa  became  on  the  whole  more  unpleasant  and  the  other 
more  pleasant.     Feelings  more  definite  this  time. 

"Complete  alternation.  As  speed  increased,  the  feelings  now 
and  then  sank  to  indifference." 

Trial  3.  Duchess  of  Devonshire  &  A  servant  girl  down  in 
North  Bingham. 
"At  beginning,  there  was  mixed  feeling  in  each.  Each  was 
partly  pleasant  and  partly  unpleasant.  Then  for  a  while  the 
painting  was  pleasant  and  the  other  unpleasant.  Then  as  speed 
increased  there  was  a  transition  period  after  which  the  feeling 
was  reversed,  painting  unpleasant  and  other  pleasant.  In  tran- 
sition period  whole  experience  was  unpleasant.  As  speed  in- 
creased, painting  got  simperish  and  sickish;  other  a  solid, 
workaday  thing  then.  At  very  end,  everything  became  indifferent. 
Complete  alternation." 

Trial  4.     No.  7  &  What  are  you  Laughing  At. 

"At  first  it  was  awful.  Man  sitting  on  bench  first.  Mixed 
pleasantness  and  unpleasantness.  When  the  other  came  it  was  a 
great  shock;  result  a  muddled  state  of  pleasantness  and  un- 
pleasantness.    The  whole  soon  became  indifferent." 

Trial  5.     Elsie  Ferguson  &  Ancient. 

"Pretty  girl  first.     Change  to  other  an  awful  shock. 

"Each  had  its  own  feeling  tone;  each  tended  to  hold  over 
1  little  while  the  other  was  developing;  so  at  transition  there 
vas  a  slight  mixture.  Towards  the  end  the  rapid  change  seemed 
lO  color  the  whole  experience  with  unpleasant,  yet  at  the  same 
time  the  girl  was  pleasant  and  the  other  unpleasant.  The  spots 
-\f  >l'»qQantn'*«''"  ''vere  shc**^***"  *\\^n  tb'^*^^  of  unpleasantness 
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Trial  6.     Elsie  Ferguson  &  Mrs.  Aaron  Ward  Roses. 

"The  first  change  from  girl  to  roses  was  luscious,  but  later 
the  same  unpleasantness  at  transition  came  in,  i.e.  the  same 
sort  of  thing,  but  not  so  strong.  Both  were  pleasant.  The  un- 
pleasantness partly  overlaps  the  other  feelings, — not  continuous 
as  before." 

Subject  "K" 
Oct.  i6,  1913. 
Trial  i.    Vigee  Lebrun  &  Daughter,  &  Snakes. 

"Snakes  first;  no  feeling  at  first,  just  studied  it. 

"Then  a  great  gush  of  pleasantness,  when  the  woman  and 
girl  appeared;  seemed  nearer,  more  alive. 

"A  tendency  to  ignore  the  unpleasant  one.  This  tendency 
increased  with  the  increase  of  speed.  Unpleasantness  was  dim- 
inished, did  not  last  as  long  as  pleasure.  The  two  feelings 
seemed  separate  in  their  actuality,  but  there  was  a  continuous 
residue  of  knowledge  that  the  pleasant  one  existed." 

Oct.  23,  1 91 3. 

Trial  i.     Winter  sports,  and  dark  interval. 
"Very  pleasant." 

Trial  2.    Winter  Sports  &  God  Help  the  Poor  Sailors. 

"Very  good  contrast,  both  slipping,  etc.  Girls  pleasant,  and 
man  pitiful.    Tried  to  ignore  him. 

Winter  sports  a  little  more  pleasant  the  first  time  than  this. 

'Not  a  direct  contrast,  but  one  between  sympathy  and 
aesthetic  enjoyment. 

"Pure  alternation  throughout." 

Oct.  30,  1913. 

Trial  I.    Courtyard,  B.  P.  L.  &  Oh  Gee! 

Not  very  much  feeling. 

"(B.  P.  L.)  pleasant,  other  somewhat  unpleasant,  but  there 
wasn't  very  much  about  either." 

Trial  2.     Luise  von  Preussen  &  Oh  Gee! 

"A  good  deal  of  feeling.  The  new  one  seemed  to  be  nearer, 
more  alive;  pleasant.  Man  slightly  unpleasant,  about  the  same 
as  before.  The  whole  mood  seemed  to  be  pleasant.  He  was 
more  charitable  towards  man.  The  man  seemed  less  significant 
The  unpleasant  feeling  seemed  merely  to  push  the  pleasure  a 
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little  aside,  so  to  speak.     The  pleasure  was  continuous,  as  a 
background.    The  displeasure  was  only  superficial." 

Trial  3.    Mona  Lisa  &  Old  woman  of  Gloucester. 

"Pretty  great  contrast;  a  tendency  to  bring  the  pleasant  one 
closer. 

'Complete  alternation  throughout.  +  feeling  far  stronger. 
'They  seemed  to  be  in  two  different  worlds.     The  contrast 
was  so  sharp  that  they  could  hardly  be  compared. 

"Seemed  to  him  that  Mona  could  not  know  of  the  existence 
of  the  old  hag. 

"The  two  seemed  opposite  in  every  way ;  one  attractive,  other 
repulsive ;  one  seemed  close,  other  distant 
'Feelings  weakened  as  speed  increased." 
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Subject  "D" 
Oct.  27,  191 3. 
Trial  i.     Girl  learning  cello  &  38. 

With  girl,  he  wanted  to  draw  the  bow  across  (Einf lihlung) . 

"Other  gave  him  the  feeling  of  toothache;  rather  unpleasant 
The  unpleasant  feeling  seemed  to  last  longer,  to  be  carried  over 
into  exposure  of  other  picture. 

''No  mixed  feeling. 

"When  the  speed  increased,  there  was  no  feeling  whatever." 

Trial  2.    My  Chauffeur  &  Remembered  by  St.  Valentine. 

"The  young  dame  was  very  pleasant.  Other  at  first  mildly 
entertaining,  later  on  got  monotonous;  then  conflicted  with  the 
other.  The  thought  came  that  ever  the  'belle  dame'  might  become 
the  other  one.  That  was  unpleasant.  The  feelings  were  quite 
distinct. 

"The  shifting  of  the  light  is  unpleasant.  This  persists  even 
during  exposure  of  pleasant  card.  The  displeasure  of  anticipa- 
tion of  removal  is  present  simultaneously  with  pleasure  in  the 
picture." 

Trial  3.  N  (young  woman  in  evening  dress  sitting  on  the  bade 
of  a  chair,  &  Ks  (children  playing). 
"A  great  deal  of  curiosity  to  find  out  what  the  girl  was  doing. 
She  became  very  unpleasant.  The  other  mildly  pleasant  at 
first,  became  more  pleasant  as  other  grew  unpleasant .  The 
unpleasantness  seemed  to  be  stronger,  seemed  to  survive  even 
when  the  other  card  came." 

Trial  4.     M   (young  lady)  and  Ks. 

"Children  still  pleasant,  but  not  so  much  so  as  before. 
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"Didn't  like  girl.     The  feeling  held  over  into  exposure  of 
children. 

'Once  there  was  a  trace  of  parallelism." 
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Subject  "E" 

Oct.  15,  1913. 

Trial  6.     Hazel  Troutman  &  Ancient. 

"Contrast  greater  as  speed  increased,  but  not  very  much  so. 
Actual  reaction  to  unpleasant  picture  fades  out  into  difficulty 
of  seeing  it. 

"The  feelings  delay  each  other.  Can  feel  one  crowding  out 
the  other.  They  do  not  seem  to  actually  overlap.  Hard  to 
describe." 

Oct.  22y  191 3. 

Trial  i.     Kitten  &  I  am  for  Prohibition. 

The  little  one  was  agreeable ;  other  unpleasant. 

'Contrast  in  both  sympathy  and  touch  imagery. 

Simple  alternation  throughout." 

Trial  2.     We  Used  to  be  Pals,  &  I  am  for  Prohibition. 

"Dog  comic.  Feeling  was  carried  over  a  bit.  Interpretation 
of  cat  was  altered.     A  little  more  inclined  to  smile  at  cat." 

Trial  4.    The  Garden  Wall  &  Among  the  Poppies. 

"The  one  on  the  wall  was  more  pleasant,  easier  to  see,  but 
both  pleasant, — and  a  little  discomfort  at  the  difficulty  was  carried 
over  into  the  exposure  of  the  better  one,  but  not  referred  to  it. 
Seemed  to  interfere  with  the  perception  of  the  better  one. 

"Pictures  similar  in  feeling,  but  a  slight  break  between." 

Trial  5.  The  Garden  Wall  &  Oh  Gee!  The  World  belongs 
to  me. 

"Interesting.  The  prominence  of  the  man's  feet  called  her 
attention  to  the  undue  prominence  of  the  child's  legs  and  feet 

"The  pleasure  in  the  subject  (children)  as  great  as  before, 
but  alternated  with  displeasure  at  the  poor  drawing. 

"Picture  of  children  was  refreshing  by  contrast  with  the 
other.  The  other  suggested  the  cynical  attitude.  No  redeeming 
features  about  it. 

"The  feelings  alternated  throughout,  with  the  exception  of 
the  infliience  on  interpretation  spoken  of  above." 

Nov.  5,  1913. 

Trial  i.     Osteraker  &  La  Vergine  Afflita. 

"Interesting ;  posed  so  much  alike  that  it  was  very  easy.    Both 
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pleasing.  Peasant  girl  more  natural;  other — amassing  of  color 
was  good. 

"At  low  speed  peasant  girl  more  pleasant ;  at  high  speed,  other. 

"The  two  seemed  to  help  each  other.  The  Madonna  seemed 
lacking  in  expression,  owing  to  contrast  with  other." 

Trial  2.    98  &  La  Vergine  Afflita. 

"Madonna  looked  quite  natural;  other  amusing  at  first,  but 
before  he  disappeared  he  was  quite  painful.  Madonna  still 
aesthetically  better,  too. 

"Distorted  figure  produces  a  sort  of  tension,  empathy.  Could 
feel  her  own  face  smoothing  out  when  she  looked  at  the  Madonna. 
Even  the  pose  of  the  hands  seemed  natural  this  time.  Seems 
as  if  it  were  a  better  copy." 

Nov.  5,  1913. 

Trial  3.     Osteraker  &  Lily  Pool. 

"Girl  looked  rather  artificial  in  comparison  with  children.  At 
high  speed  the  girl  was  more  pleasant,  however. 

"Effort  to  see  details  in  picture  of  children  a  little  unpleasant. 
In  seeing  this  picture  the  unpleasantness  is  there  with  the 
pleasure. 

"No  blending  of  the  feelings  for  the  separate  pictures." 

Trial  4.     Mona  Lisa  &  Old  woman  of  Gloucester. 

"Old  hag  very  unpleasant.  Mona  Lisa  pleasant  by  contrast 
The  first  time  she  ever  saw  her  to  like  her. 

"As  trial  went  on,  details  came  out. 

"There  was  a  marked  contrast  between  the  repose  and  the 
distortion.     Both  vague  empathy. 

"+ increased, 

"—diminished;  became  more  an  intellectual  distaste. 

"The  repose  became  the  dominant. 

"The  pleasure  crowded  out  the  displeasure.     No  blending." 

Subject  "G" 
Oct.   14,   1913. 
Trial  i.     Luise  von  Preussen  &  Leksand. 

"Chief  thing  was  annoyance  at  the  flicker. 

"Old  lady  was  rather  amusing.    Girl  indifferent." 

Trial  2.    Leksand  &  Old  woman  of  Gloucester. 

"Both  unpleasant;  increasingly  so. 

"...  Leksand  seemed  different  this  time.  Instead  of  amus- 
ing, her  expression  was  unpleasant.  Bad  features  were  brought 
out  by  similarity  with  other." 
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Trial  3.     God  Help  the  Poor  Sailors,  &  Dude  with  Bundles. 
"More  or  less  amusing.     Increase  of  speed  seemed  to  make 
no  difference." 

Trial  4.    In  the  Garden  &  Among  the  Poppies. 

"At  first  almost  indifferent,  peaceful.  As  speed  increased, 
a  little  impleasant. 

Trial  5.     God  Help  the  Poor  Sailors,  &  Among  the  Poppies. 

"One  amusing,  the  other  pleasant,  increased  as  speed  increased, 
even  to  the  highest  speed. 

"Contrast  made  the  children  seem  sort  of  cute." 

The  individual  difference  in  the  tendency  to  parallel  feelings 
should  be  noted  for  comparison  with  the  later  results.  The 
tendency  is  quite  strong  with  "A"  and  "B,"  somewhat  less  so 
with  "N,"  still  less  with  "K"  and  "D,"  and  absent  with  "E" 
and  "G." 

b.2.  In  this  section  the  method  of  taking  the  introspection 
was  somewhat  altered.  The  subjects  were  asked  to  note  the 
points  at  which  changes  in  the  nature  of  the  experience 
occurred.  As  a  general  rule,  this  was  done  simply  by  the  word 
now,  spoken  at  the  time  of  the  change,  when  the  speed  was  re- 
corded by  the  experimenter.  Occasionally  a  very  brief  statement 
was  made.  Immediately  after  the  exposure,  the  introspection 
corresponding  to  the  previous  signals  was  taken  down.^^ 

At  first  each  trial  started  with  the  lowest  speed,  increased 
to  the  highest,  and  then  decreased  again.  The  section  began 
with  a  few  experiments  in  which  the  task  was  the  following: — 
(a)  to  note  the  best  rate;  (b)  to  find  the  point  where  the  feel- 
ings are  gone;  (c)  to  find  the  point  where  the  feelings  begin 
to  go,  and  describe  the  effect. 

A  trial  with  Subject  "D"  will  serve  to  illustrate  the  method. 

Nov.  ID,  191 3. 

Trial  i.     Good  Bye,  &  God  Help  the  Poor  Sailors. 

(a)  "Strongest  at  lowest  speed".  (43) 

(b)  "All  gone  at  57." 

"The  points  of  the  rheostat  were  numbered,  and  these  numbers  were  re- 
corded at  the  signal  word.  At  the  close  of  the  hour,  the  number  of  exposures 
per  minute  for  each  point  recorded  was  taken.  As  the  apparatus  was  generally 
pretty  constant  during  any  single  hour,  this  method  was  fairly  satisfactory  for 
guch  a  preliminary  study  of  the  method. 
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(c)  "At  54  on  way  up,  53  on  way  back.  Feeling  at  this  point 
compared  to  other  was  Hke  pointing  a  cap  pistol  at  a  man  com- 
pared with  a  revolver;  reality  gone.  Dog  picture  sad,  other 
ludicrous,  but  not  enough  to  make  him  laugh." 

It  became  evident  that  the  results  were  much  influenced  by 
the  attitude  taken,  passive  or  active.  A  few  trials  were  made 
to  compare  the  results  in  the  two  cases.  In  general  the  active 
attitude,  the  attempt  to  get  the  feelings,  was  successful.  The 
feelings  came  at  much  higher  speeds  than  when  no  effort  was 
made.  With  "E"  the  reverse  is  true;  e.g.  on  December  3d,  in 
trial  2,  passive,  the  feeling  disappeared  at  93;  in  trial  3, 
active,  same  materials,  it  disappeared  at  74.  In  another 
pair  of  trials,  with  new  materials,  similarly,  in  trial  3,  active, 
the  feeling  'became  rather  intellectual,  picture  recognized  as  the 
sort  of  thing  that  gives  pleasure',  at  70;  in  trial  4,  passive, 
same  materials,  this  effect  did  not  appear  until  83.  With  "A", 
there  is  little  if  any  difference  in  the  two  cases. 

The  greater  part  of  the  work  was  done  wtih  the  passive 
attitude.  The  results  bring  out  very  clearly  the  influence  of  the 
change  of  speed  upon  the  feelings, — ^the  gradual  sifting  out  of 
portions  of  a  complex  reaction  and  the  variations  in  dominance 
of  one  feeling  or  the  other.  The  individual  differences  in  the 
time  required  for  development  of  feeling  are  very  mariced. 

The  following  will  serve  as  illustrations: 

Subject  "B"  (eyes  tired) 

Nov.  18,  1913. 

The  first  two  trials  run  from  speed  25  to  45  and  return,  the 
next  two  from  42  to  87  and  return.     (Method,  passive). 

>ial  I.  Rear  View,  Paul  Revere  House  &  New  England 
Gardens,  Arbor. 
'At  first  and  last  apple  blossoms  quite  pleasant,  house  slightly 
c*iipleasant.  At  41  on  way  up  house  getting  more  unpleasant, 
ipple  blossoms  less  pleasant.  At  41  on  way  down  two  about 
:qual  and  opposite.  At  28,  apple  blossoms  getting  pleasant 
leain,  at  26,  house  unpleasant  again." 

nal  2.    Georgetown  Road  &  N.  E.  Gardens. 
"Best  at  lowest  speed.     A ^^  29  on  "'ay  up  woods  the  more 
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weakened  a  little.     At  34,  both  got  stronger.     At  29,  woods 
again  the  more  pleasant. 

"A  little  more  empathy  in  the  woods.  Noticed  that  some- 
times he  inhaled  when  he  looked  at  woods,  just  as  when  looking 
at  flowers." 

Trial  3      (pictures  of  trial  i). 

"At  first  unpleasant  stronger  than  pleasant.  This  increased 
at  49.  At  56,  about  equal.  At  74,  unpleasant  disappeared;  at 
87,  pleasant.  On  way  down,  pleasant  came  in  again  at  70; 
unpleasant  at  56.  At  48,  unpleasant  stronger  than  pleasant. 
At  end  tending  towards  equality." 

Trial  4      (pictures  of  trial  2). 

"At  44,  road  more  pleasant.  At  49,  two  equal.  At  74, 
flowers  gone.  At  87,  all  gone.  On  way  down,  at  70,  road 
slightly  pleasant;  at  57,  blossoms  slightly  pleasant.  At  49,  two 
equal.    At  45,  road  more  pleasant. 

"Different  kinds  of  pleasantness,  Road,  a  sort  of  outgoing 
feeling,  open,  etc.  Tendency  to  extend  himself.  Other,  olfac- 
tory imagery  pleasant.  The  road  attitude  held  over  a  little  into 
other  as  rate  became  slower  again." 

Comparison  of  the  results  of  the  increasing  part  of  the  trial 
with  the  decreasing  serves  as  a  check  upon  the  effect  of 
familiarity,  fatigue,  etc.  When  the  results  are  fairly  s)rmmetri- 
cal,  they  may  be  taken  as  indicating  the  effect  of  the  rate. 
When  this  is  not  the  case,  the  results  are  of  doubtful  value. 
The  constant  method,  especially  as  in  a.i,  could  also  be  used 
as  a  check. 

Concerning  the  effect  of  high  speed,  "N"  says  (Dec.  5,  Trial 
2)  alternation  *so  fast  that  the  complete  feelings  do  not  come, 
so  conflict  is  gone,  and  the  experience  is  pleasant.'  He  does 
not  'sink  himself  into  the  two  alternately  as  before.'  "G" 
(Dec.  2)  speaks  repeatedly  of  a  'ghost-like  effect',  'imreal',* 
'not  time  for  the  meaning  to  develop,  no  context.' 

Other  similar  phrases  may  be  found  scattered  all  through  the 
work  of  this  year,  and  in  A.4.  Unreality  seems  to  result  from 
(a)  lack  of  motor  response,  Einfiihlung;  (b)  lack  of  associa- 
tions. I  believe  that  such  results  with  normal  persons  may 
throw  some  light  on  the  problem  of  the  abnormal  experience 
of  unreality,  as  discussed  by  Packard.^^ 

"  The  Feeling  of  Unreality,  Journal  of  Abnormal  Psychology,  V.  i,  pp.  69-82. 
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The  latter  part  of  the  work  of  this  section  began  at  the  highest 
speed  and  went  to  the  lowest.  It  was  intended  to  bring  out 
the  individual  differences  in  quickness  of  response.  It  will  not 
be  necessary  to  quote  any  of  the  introspection.  Suffice  it  to 
say  that  there  is  very  great  variation,  some  getting  feeling  quite 
often  above  lOO  (single  exposures  less  than  3/10  second)  while 
others  required  much  longer  exposures.  More  adequate  appa- 
ratus must  be  devised  before  accurate  results  can  be  obtained. 
The  subjects,  arranged  in  the  order  of  quickness  of  response, 
from  the  slowest  up,  are  as  f oUows :— "D,"  "E,"  "K,"  "N" 
and  "G,"  "A"  and  "B.'' 

These  results,  so  far  as  they  go,  indicate  a  positive  correla- 
tion between  quickness  of  response  and  the  tendency  to  parallel 
or  mixed  feelings. 

fc.j.  This  final  section,  as  mentioned  before,  consisted  of 
two  series  of  trials  with  distraction.  This  took  the  form  of 
mental  arithmetic.  The  results  throw  some  light  on  the  rela- 
tion of  the  tendency  to  mixed  feelings  and  the  scope  of  attention. 
They  are  not  very  satisfactory,  however,  owing  to  the  fact  that 
the  adding  soon  gets  mechanized,  and  also  that  some  of  the 
subjects  add  visually,  so  that  interference  of  an  unwelcome  sort 
came  in.  Still,  though  two  series  are  hardly  a  sufficient  basis 
for  generalization,  the  results  seem  to  indicate  that  distraction 
has  less  inhibitory  effect  with  those  subjects  who  have  the 
stronger  tendency  to  mixed  feelings. 

The  method  was  as  follows : — There  were  four  trials  in  each 
series.  In  series  i,  the  pictures  were  No.  38  ("comic")  and 
Bridge  in  Franklin  Park.  The  trials  began  at  medium  speed, 
and  the  speed  was  increased  to  the  highest.  In  trial  i,  the 
subjects  were  directed  to  be  passive,  to  make  no  effort  to  get 
the  feelings.  They  were  asked  to  begin  with  13,  and  add  17 
repeatedly  as  long  as  there  was  any  feeling,  or  in  case  there 
was  no  feeling  at  the  start,  to  continue  adding  until  the  light 
was  turned  off.  In  trial  2,  the  method  was  passive,  without 
distraction.  Trial  3  was  active,  with  distraction,  to  begin  with 
9,  and  add  17  repeatedly,  and  try  to  get  the  feelings.     Trial 
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4  was  active,  without  distraction.  The  point  at  which  the  add- 
ing was  stopped  indicating  complete  inhibition  of  the  feelings, 
was  recorded.  In  the  trials  without  distraction,  the  introspection 
was  taken  as  in  the  previous  section. 

"D"  and  "E''  had  no  feeling  in  either  trial  i  or  trial  3.  "G", 
in  trial  3,  'succeeded  in  getting  a  feeling  of  pleasantness  from 
bridge  once  about  halfway  up'.  Apperception  also  is  inhibited; 
there  is  only  'a  sort  of  recognition  of  the  presence  of  certain 
colors,'  etc.  "K"  's  and  "N"  's  results  are  quite  similar.  In 
trial  I,  they  both  tended  to  attend  either  to  the  adding  or  to  the 
pictures,  and  got  feelings  when  they  attended  to  the  pictures. 
In  trial  3,  both  had  considerable  feeling,  though  less  than  in 
trials  2  and  4.  "K"  had  parallel  feehngs  at  high  speed  in  trial  2. 
"A"  and  "B''  had  feelings  in  all  four  trials,  less  in  the  trials 
with  distraction.  In  trial  i,  "A"  had  feeling  only  for  the  dog, 
'a  mixed  feeling,  humorous,  but  not  very  aesthetic'  "B"  found 
38  indifferent,  the  landscape  pleasant.  In  trial  3,  both  "A"  and 
"B"  had  feeling  for  both  pictures,  in  complete  alternation.  "A" 
had  mixed  feeling  in  trials  2  and  4;  in  2,  humor  and  pleasure; 
in  4,  pleasure  and  displeasure. 

In  series  2,  the  pictures  were  the  Arbor  (N.  E.  Gardens) 
and  Paul  Revere  House.  The  method  of  the  trials  was  in 
reverse  order;  i,  active;  2,  active  with  distraction,  begin  with 
19  and  add  13  repeatedly;  3,  passive;  4,  passive  with  distrac- 
tion, begin  with  7  and  add  13  repeatedly. 

The  subjects  fall  into  the  following  order,  when  arranged 
according  to  the  intensity  of  feeling  in  the  distraction  trials: — 
"D,"  "E,"  "G,"  "K,"  "A,"  "N,"  "B". 

The  results  of  these  two  series  point  towards  a  positive  corre- 
lation of  scope  of  attention  with  the  tendency  to  mixed  feelings, 
when  compared  with  the  results  of  bi.  Combining  the  results 
of  the  two  series,  the  subjects  rank  as  follows : — "D,"  "E,"  "G," 
"K,"  "N,"  "A,"  "B." 

The   ranks   in  b.2   were:    "D,"   "E,"   "K,"   "N"  and  "G. 
"A"  and  "B." 

In  B.,i  they  were  "E"  and  "G,"  "D,"  "K,"  "A,"  and  "B. 
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The  results  are  not  sufficient  to  warrant  any  distinction  between 
those  paired  in  the  ranking. 

Using  Spearman's  "Foot-rule,"  R  is  as  follows: 

( 1 )  Tendency  to  parallel  or  mixed  feelings  and  quickness  in 
response, — .562.  ... 

(2)  Tendency  to  parallel  or  mixed  feelings  and  scope  of 
attention, — .687.  .  .  . 

(3)  Quickness  in  response  and  scope  of  attention  (possibly 
scope  of  response  would  be  better) — .75. 

P.    E.  R     ^  y =S.IOl  .  .  . 

V  7 

Converting  R-values  into  r-values  (using  Table  6  in  Whipple's 
Manual,  rev.  ed.  Vol.  I),  we  get  the  following: 

i)  .77  .,.  P.  E.r  =0.6745    y =  .101 

V  7 

2)  .88  .056 

3)  .93  .033 

Our  hypothesis,  stated  in  A.3,  seems  to  have  been  confirmed  so 
far,  and  is  therefore  worth  further  testing. 

It  remains  now  to  sum  up  our  results  and  consider  their 
bearing  on  the  theory  of  feeling. 


SUMMARY  AND  CONCLUSIONS 

The  'law  of  algebraic  summation*  of  feelings  is  quite  inade- 
quate to  account  for  the  results  obtained  in  the  present  investi- 
gation. Simple  algebraic  summation  is  only  occasional. 
Displeasure  may  inhibit  displeasure,  rather  than  add  to  it.  {Cf,, 
e.g.,  the  last  of  the  results  quoted  in  A.2.)  The  resultant  feeling 
depends  very  closely  upon  the  relations  of  the  whole  appercep- 
tive attitudes  towards  the  two  separate  stimuli,  and  this,  more- 
over, in  a  manner  that  suggests  a  much  closer  relation  of  feeling 
and  intellectual  processes  than  has  usually  been  taught.  'Feel- 
ing' and  'meaning*  often  seem  well-nigh  identical. 

The  most  important  of  the  results  may  be  summarized  as 
follows :  When  the  two  feeling-tendencies  are  of  like  intensity, 
if  the  total  reactions,  the  apperceptive  attitudes,  are  widely  dis- 
similar, the  result  is  inhibition,  whether  the  feeling-tendencies 
are  of  the  same  or  of  unlike  sign.  Inhibition  diminishes  wtih 
increasing  similarity,  until,  with  some  subjects,  there  is  a 
tendency  to  parallelism,  and,  rarely,  fusion.  The  latter  seems 
to  occur  usually  along  with  an  apperceptive  synthesis  of  the 
stimuli,  and  to  depend  largely  upon  the  objective  similarity  of 
the  drawings,  etc.  When  the  fields  of  appeal  become  nearly 
identical,  the  feelings  either  become  one,  or  'increase  by  con- 
trast,' in  alternation,  according  as  they  are  of  like  or  opposite 
value.  Parallelism  does  not  occur  with  feelings  of  unlike  sign 
when  the  general  attitudes  are  the  same.  When  the  feelings 
are  of  unequal  intensity,  inhibition  continues  farther  up  the 
scale  of  similarity.  In  some  cases  a  strong  feeling  persists  with- 
out inhibiting  a  weak  feeling,  during  the  exposure  of  the  stimulus 
which  gives  rise  to  the  latter.  The  weak  feeling  is,  as  a  rule, 
broken  off  with  the  appearance  of  the  other  stimulus. 

Inhibition  becomes  more  marked  the  more  rapid  the  alterna- 
tion of  the  stimuli,  the  whole  experience  becoming  'unreal', 
'cold',  'purely  intellectual.'  The  point  at  which  this  occurs  varies 
greatly  from  subject  to  subject. 
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Transition,  in  cases  of  inhibition,  is  marked  by  a  kinaesthetic 
readjustment,  usually  unpleasant,  described  by  such  phrases  as 
*loss  of  bearings,'  *a  slight  conflict,'  *hard  to  go  from  one  to 
the  other,'  etc.  This  unpleasantness  often  overlaps  the  feeling 
due  to  the  separate  stimuli. 

The  individual  differences  are  of  great  importance,  the  occur- 
ence of  parallel  or  mixed  feelings  having  been  shown  to  be 
correlated  with  (i)  readiness  of  response — the  occurrence  of 
feeling  even  with  rapid  alternation — and  (2)  with  scope  of 
response — the  occurrence  of  feeling  from  the  stimuli  offered, 
despite  the  distraction  of  a  task  in  mental  arithmetic.  The  in- 
dices of  correlation  are:— (i)  .yy,  P.E.  .101 ;  (2)  .88,  P.E.  .056. 

Cases  have  occurred  in  which  feelings  were  reported  increased 
by  attention  to  them,  in  the  intervals  between  exposures  of  the 
stimuli,  as  well  as  cases  in  which  feelings  were  inhibited  by 
attention  to  them.    Cf,  the  introspections  marked  N.B.  in  A.2. 

Experiments  on  excitement  and  calm,  humor  and  solemnity, 
etc.,  gave  results  closely  similar  to  those  with  pleasure  and  dis- 
pleasure. Parallelism  is  a  little  more  frequent  with  these  other 
feelings. 

We  may  now  discuss  briefly  the  value  of  these  results. 
Titchener's  criteria  for  affection  as  an  independent  element  seem 
to  have  failed.  Qualitative  antagonism  is  generally  found,  but 
mixed  feelings  do  occur,  tmder  certain  conditions,  whidi  seem 
to  have  been  hit  upon  in  our  work.  Besides,  inhibition  occurs 
with  excitement  and  calm,  etc.,  as  well  as  with  pleasure  and 
displeasure.  It  seems  on  the  whole  quite  likely  that  the  special 
pair  of  feelings  known  as  'affection'  should  be  taken  along  with 
other  attitudes,  viewed  as  responses  of  the  organism,  and  studied, 
like  the  others,  with  due  regard  to  individual  differences.  It 
may  quite  well  be  that  in  this  case,  as  in  that  of  the  thought 
processes,  what  is  simple  for  one  observer  may  be  complex  for 
another,  while  introspection  may  interfere  with,  or  intensify, 
the  process.  We  have  found  such  differences  in  the  present 
investigation.  Titchener's  discussion  in  Feeling  and  Attention, 
Lecture  IV,  from  page  155  on,  should  be  read  with  this  possi- 
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bility  of  different  types  of  organization  in  mind.  I  do  not  intend 
to  attempt  any  defense  of  the  tridimensional  theory,  but  will 
only  mention  the  fact  that  Titchener  fails  to  take  account  of 
Alechsieff's  critical  discussions. 

I  have  but  little  to  add  to  Titchener's  summary  of  the  previous 
experimental  work.^^  I  should,  however,  insist  that  the  negative 
results  of  Orth  and  Alechsieff  are  hardly  conclusive.  Con- 
sider:— In  section  VIII,  4,  of  his  article,  Alechsieff  gives  two 
sample  introspections  in  which  the  feelings  alternated,  and  says, 
"Aus  diesen  und  27  ahnlichen  Versuchen  kamen  wir  zu  dem 
Schlusse,  dass  Lust  und  Unlust  nicht  gleichzeitig  in  unserem 
Bewusstsein  existieren  konnen,  sie  konnen  nicht  nebeneinander, 
sondern  immer  nur  nacheinander  von  uns  erlebt  werden"  (p.  262). 
In  our  work,  there  were  several  hundred  trials  which  gave  this 
same  result,  but  there  were  also  a  large  number  in  which  mixed 
feeling  was  reported.  A  perusal  of  the  two  introspections  given 
by  Alechsieff  will  show  that  not  only  the  feelings,  but  the 
awareness  of  the  two  stimuli,  alternated,  and  it  should  be  borne 
in  mind  that  Alechsieff  was  purposely  working  with  weak 
stimuli,  *(um)  jeden  Ubergang  der  Gefiihle  in  Affekte  (zu) 
vermeiden.'  (page  169).  As  our  results  show  mixed  feelings 
only  in  certain  of  those  trials  in  which  the  awareness  of  the 
two  stimuli  was  also  simultaneous,  Alechsieff's  results  only  go 
to  confirm  our  own. 

I  suggest  for  consideration  the  following  interpretation  of 
our  results : — 

Biologically  viewed,  the  fundamental  features  of  life  consist 
of  certain  periodic  functions,^*  hunger,  breathing,  circulation, 
sex,  hibernation,  sleep,  etc.  As  psychologists,  we  do  not  need  to 
beg  the  question  as  to  whether  'spontaneity'  is  a  resultant  of 
these  functions  or  whether  the  latter  form  the  primary  con- 
ditions under  which  a  certain  psychical  factor — (Royce's  rest- 
lessness)'— must  work.  In  either  case,  behavior  does  develop, 
and  sensori-motor  coordinations  are  formed.  The  most  im- 
portant of  these  latter  are  the  favoring  and  avoiding  reactions, 

""Feeling  and  Attention,"  pp.  46-55. 

*C/.  Mun«*"Tbe«*^.  **Ps'"*hr'ofly  and  Snc**^^  ?'»*'tty**    Cba«*"«*«"  i. 
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which  in  the  course  of  development  become  very  intricate  and 
complex.  The  conscious  correlate  of  the  manifestation  of  these 
coordinations  or  attitudes  is  feeling. 

The  above  view  harmonizes  completely  with  the  customary 
evolutionary  theories  concerning  feeling,  but  seems  less  mys- 
terious. It  also  serves  as  a  good  basis  to  account  for  the 
behavior  of  the  feelings. 

Any  presentation  will  have  a  certain  field  of  appeal,  i.e.  the 
organism,  with  its  periodic  functions  and  acquired  tendencies 
in  a  definite  state  of  readiness,  will  take  a  certain  attitude,  a 
motor  readjustment.  Attitudes  may  conflict  and  result  in  com- 
plete or  partial  inhibition.  If  they  are  wholly  unrelated,  inhibi- 
tion is  the  usual  result.  If  the  attitudes  are  similar  and  in  the 
same  direction,  summation,  or  at  least  increase,  is  the  result.** 
If  they  are  similar  and  in  opposite  directions,  the  result  is  com- 
monly a  sort  of  pendulum  effect,  ('increase  by  contrast'),  unless 
the  two  are  very  different  in  intensity.  When  the  fields  of 
appeal  differ  somewhat,  the  differing  features  sometimes  dis- 
appear, ('assimilation'),  sometimes  survive.  In  the  latter  case 
the  result  is  'parallelism'  or  'mixed  feeling'.  'Mixed  feeling* 
usually  goes  with  apperceptive  synthesis.  The  two  become  parts 
of  one  situation. 

'Two  streams  of  feeling,  emphasized  in  alternation',  is  now 
intelligible.  The  common  part  of  the  two  responses  is  continu- 
ous and  stays  at  the  same  level  of  intensity ;  the  differing  parts 
do  not  die  out,  but  first  one,  then  the  other,  is  the  stronger,  as 
the  stimuli  alternate.  When  the  two  responses  are  in  opposite 
directions,  the  common  part  alternates  in  direction.  The 
differing  parts  are  more  often  lost,  but  in  a  good  many  cases 
-^o  persist.    Such  is  the  view  which  I  favor  at  present**^ 

It  must  be  admitted  that  our  results  throw  the  way  open, 

'or  an  interesting  quantitative  study  of  inhibition  and  summation  cf* 
^  -.ith's,  "The  Mutual  Influence  of  Feelings.''    Harvard  Psychological  Studies, 
TT    pp.  141-157. 

^e  following,  from  the  conclusion  of  Geiger's  Bemerkungen,  may  be  of 

■  f  .1.       in  this  connection: — 

■•  .•q"^K«»r      :irl-      i*-»     iiiq    H*"    ^'^^*IC^*''*T\   Oe     'hl^*"*r1lindU"'   *P        ^^^  !'♦  Sln» 
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to  some  extent,  for  such  notions  as  'zentrale  Mitempfindungen', 
'Gefiihlsempfindungen,  etc.  The  question  as  to  the  relation 
between  feeling  and  emotions  is  all-imporant  here.  In  view 
of  the  similarity  of  our  results  and  those  of  Johnston,  as  well 
as  on  grounds  of  comprehensibility,  I  am  inclined  to  accept 
Titchener's  criticisms  of  such  theories. 

A  genetic  distinction  may  of  course  be  drawn  between  feelings 
that  owe  their  origin  to  the  direct  effect  of  the  stimuli  and 
those  which  develop  indirectly,  on  the  basis  of  some  periodic 
function,  e.g.,  the  attitude  towards  pumpkin  pie.  It  seems 
unlikely  that  any  sharp  line  should  be  drawn  between  the  feel- 
ings of  one  class  and  the  other,  so  far  as  their  own  nature  is 
concerned.     With  this  I  leave  the  general  theory. 

Careful  study  of  the  behavior  of  feelings  may  have  not  only 
theoretical  interest,  but  practical  value.  Certain  applications  are 
apparent  from  the  passages  cited  in  the  Introduction.   'Dramatic 

dungsgefiihle  sind,  als  nur  durch  die  systematische.  Uebersicht  erfordert, 
eingeklammert. 

I.  Verbindungen  von  Affektgefuhlen. 

A.  Verbindungen  gegensatzlicher  Gefuhle. 

1.  Gefiihlsverschmelzung    (Mitleid). 

2.  Mehrdeutige  Gefuhlsverflechtungen. 

a.  Gefuhlsverdrangung  (unangenehme  Speisc  bei  Hunger) 

b.  Mehrdeutige  Gefuhlsverwebung    (Schnsucht) 

3.  Eindeutige  Gefiihlsverflechtungen. 

a.  Eindeutige   Gefuhlsvereinheitlichung. 

(uberwundene  Anstrengung) 

b.  Eindeutige   Gefuhlsverwebung    (Entrtistung) 

4.  Zwichenverbindung  zwischen  Gefuhlsverbindung  iind  Verbin- 

dungsgefiihlen. 
a.  Gefiihlssubordination   (Rache,  Neid) 
(5.  Verbindungsgef uhl :  Vertiefungsgefiihl) 

B.  Verbindungen  verschiedenartiger  Gefuhle. 

1.  Gefiihlsverdichtung  (Uberraschung) 

2.  "  — durchdringung    (Kraft) 

3.  "  — coordination    (leuditendes   Rot) 

4.  "  — uberhohung    (Schredc) 

5.  "  — verkniipfung    (freudige  Uberrasdiung) 

II.  Verbindungen  von  logischen  Gefuhlen. 

A.  Verbindungen  gegensatzlicher  Gefuhle 

[i.  Verschmelzungsgefiihl  (Moglichkeit)] 
2.  Gefuhlsentgegensetzung  (Zweifcl) 

B.  Verbindungen  verschiedenartiger  Gefuhle. 

I.  Gefiihlsnebeneinander   (neue  Moglichkeit) 

III.  Verbindungen  logischer  Gefuhle  mit  Affektgefuhlen. 

1.  Affektiv-logische  Gefuhlsdurchdringung  (Gewissheit) 

2.  Logisch-affektives       Gefiihlsnebeneinander.        (tmangenehme 

Gewissheit) 
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hedging',  'mixture  of  tones',  and  'character-contrast',  as  dis- 
cussed by  Moulton,  correspond  closely  to  the  three  types  of 
results  in  our  work.  Sully's  discussion  of  the  play-mood  and 
the  limits  of  the  decorous  shows  that  it  is  well  for  the  dramatist 
to  understand  the  behavior  of  feelings.  Other  practical  prob- 
lems are  not  far  to  seek.^®  Is  it  not  of  value  to  know  that  a 
feeling  cannot  be  inhibited  by  its  direct  opposite,  provided  the 
original  stimulus  continues,  since  the  result  will  be  a  return 
with  increased  intensity, — ('increase  by  contrast'),  whereas  a 
feeling  can  be  completely  inhibited  by  another  which  is  suffi- 
ciently different?  The  order  of  situations  in  plays  and  stories, 
the  arrangement  of  pictures  in  art  galleries,  the  order  of  slides 
in  illustrated  lectures,  even  the  grouping  of  advertisements, 
whether  in  periodicals  or  street  cars,  to  be  effective  must  follow 
the  laws  of  feeling.  There  is,  then,  work  worth  while  to  be 
done.  The  present  investigation  lays  no  claim  to  anything  more 
than  an  indication  of  certain  possibilities  for  future  work. 

The  first  requirement  is  adequate  apparatus.  The  tachisto- 
scope  devised  by  Dodge  gives  a  mirror  reversal  of  one  of  the 
pictures.  This  is  often  very  disturbing.  Some  apparatus  must 
be  found  which  shall  eliminate  this  difficulty,  and  also  permit 
of  continuous  alternation  either  with  constant  or  gradually  vary- 
ing rapidity,  as  is  desired.  I  have  been  unable  as  yet  to  work 
out  anything  satisfactory.  I  believe,  however,  that  the  most 
effective  method  would  be  that  of  the  stereopticon,  if  a  control 
could  be  devised. 

When  we  have  a  workable  apparatus,  the  many  part-prol>- 
lems  can  be  taken  up  carefully  and  thoroughly,  e.g.  the  study 
of  the  effect  of  various  lengths  of  trial  upon  the  behavior  of 
the  feelings,  upon  inhibition,  assimilation,  etc.,  the  problem  of 
voluntap'  -pnfroi  rv^  Vie  behavior  of  the  feelings,  not  merely 
the  activt  m-  ■  j^  np^^hods  as  we  tried  them,  but  attempts 
at  fusio»"   f'^i  --'L     :ne  effect  of  fatigue  upon  the  feelings, 

especialh    a^rv..     •■•    'mtrol  of  the  feelings,  etc.,  etc. 

In  th*  -"^b-  -  ■»**  "'VinPQi  )f  tb^  fi^M  has  been  mdica*^^ 
I  now  '*■•-- 


■  IT  •  ■  »••  'l  l^*»l^   H 
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THE  PSYCHO-PHYSIOLOGICAL  EFFECT  OF  THE 
ELEMENTS  OF  SPEECH  IN  RELATION 

TO  POETRY 

The  purpose  of  this  investigation  is  to  determine  by  means 
of  the  expressive  method  the  effects  produced  by  the  speech 
elements  in  poetry  upon  both  the  motor  and  introspective  con- 
sciousness. 

Lying  on  the  borderland  between  Esthetics  and  Psychology, 
the  investigation  aims  to  throw  light  (i)  upon  the  so-called 
"tonal  theory  of  poetry,"  by  measuring  the  emotional  value  of 
the  sounds  in  poetic  language  without  reference  to  alliterative 
or  grammatical  devices,  and  (2)  to  discover  what  auditory, 
kinaesthetic  and  organic  sensations  are  aroused  by  the  play  of 
vocal  functions  in  meaningful  as  well  as  meaningless  collocations 
of  the  elements  of  language. 

The  material  is  presented  in  the  following  order : 

1.  A  statistical  determination  of  the  frequency  of  the  various 
speech  elements  in  English  poetry, 

2.  Experiments  upon  the  psycho-physiological  effect  of  such 
elements  combined  in  simple  relations, 

3.  Transmogrifications  of  English  poetry  to  determine  re- 
action to  the  bare  tonal  elements,  and 

4.  The  esthetic  and  psycho-physiological  question:  Is  the 
psycho-physiological  value  of  the  poetic  sum  equal  to  the  sum  of 
the  psycho-physiological  values  of  the  separately  contributing 
phonetic  elements? 

I.     SOUND  FREQUENCY  IN  ENGLISH  POETRY 

Prior  to  undertaking  the  experimental  work  in  the  laboratory, 
an  elaborate  statistical  record  was  made  by  the  writer  of  the 
percentage  of  frequency  of  the  various  letter  soimds  in  the  lead- 
ing English  poets  from  Sydney  to  Rossetti.  The  basis  for 
this  work  was  the  observation  of  very  striking  differences  in  the 
acoustic   and   kinaesthetic    sensations    aroused    by  the  audible 
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reading  of  different  poets.  Especially  was  the  motor  pattern  and 
the  tonal  display  of  such  poets  as  Byron  and  Keats  noticed,  and 
upon  analysis  it  was  found  that  sound  frequency  was  one  element 
likely  to  contribute  to  the  differences  between  the  effects  which 
they  produced.  A  previous  study  of  vocal  music  to  provide  an 
increased  sensitivity  to  tonal  effects,  and  of  phonography  to 
hasten  the  sensori-motor  reactions  necessary  in  making  the  tabu- 
lations were  found  to  have  been  invaluable  psychological  instru- 
ments in  this  preliminary  work.  This  analysis  required  over  four 
years  and  involved  the  recording  of  over  540,000  tonal  elements ; 
46  phonetic  rubrics  were  employed,  and  where  doubt  was  enter- 
tained over  the  classification  of  the  elements  under  the  various 
rubrics,  recourse  was  had  to  general  poetic  usage  as  well  as  to 
the  special  idiosyncracies  of  the  individual  poets.  All  the  poets 
were  analysed  upon  the  basis  of  the  current  English  speech,  the 
Standard  Dictionary  being  used  as  the  criterion  for  pronuncia- 
tion. The  "foot-  and  -quantity"  system  was  employed  to  deter- 
mine the  accentuation,  and  both  accented  and  unaccented  sounds 
were  registered  in  the  tabulations.  Approximately  1,000  lines 
of  the  maturest  and  most  melodious  verse  of  each  of  the  poets 
were  examined.     The  result  of  this  work  is  here  summarized : 

I.  English  poets  usually  employ  about  10  accented  to  8  un- 
accented sounds.  Shelley,  Browning  and  Swinburne  arc  the 
notable  exceptions,  each  of  which  gives  the  ratio  of  nearly  10  to 
10.     But  their  rhythmic  patterns  determine  much  of  this. 

11.     Greater  variations,  general  and  individual,  are  noticed  in 
the  use  of  the  accented  than  of  the  unaccented  sounds. 

III.  Tennyson  and  Swinburne  deviate  most  from  the  average 
use  of  the  sounds;  Milton  is  nearest  the  average  of  all  the  poets 
examined. 

IV.  The  greatest  individual  variations  are  found  among  the 
most  used  accented  consonants  which  occur  in  the  following 
descending  order  of  frequency :  R,  N,  L,  T,  S,  D,  M,  etc.  But 
the  smallest  individual  variations  in  the  use  of  the  tmaccented 
-sounds  occur  among  those  of  the  greatest  frequency  of  use, 
namely :    u,  1,  a. 

Onh'  i     ^^xr  -louMf  consonantal  rubrics  were  employ^'^  ^sidcs 
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the  familiar  Ch,  Wh  (Hw),  Ng,  Sh,  and  Zh;  such  double  sounds 
as  Bl,  Cr,  etc.,  were  split  and  tabulated  as  two  sounds.  While 
the  work  was  in  progress  Josselyn's  investigations  (see  Scripture, 
"Elements  of  Experimental  Phonetics,"  p.  501 )  came  to  hand,  in 
which  it  was  shown  that  a  double  consonant  was  simply  a  single 
one  strengthened  and  lengthened,  in  so  far  as  the  time  estimation 
of  rhythmic  syllables  was  concerned ;  but  whether  the  double  or 
triple  consonantal  combinations  were  felt  as  fusions  or  as  addi- 
tions did  not  enter  in  as  a  standardizing  agent  in  the  above  work 
of  tabulation. 

Perhaps  the  most  striking  thing  in  the  whole  work  was  the  con 
stant  observation  of  the  modifying  influence  of  R.  Besides 
being  the  most  used  sound  in  English  poetry,  it  is  the  one  most 
frequently  observed  as  modifying  the  quality  of  juxtaposed 
vowels  and  consonants,  and  when  so  found,  its  local  signature  is 
absorbed  by  them. 

2.    THE  PSYCHO-PHYSIOLOGICAL  EFFECT  OF 

SIMPLE  SOUNDS 

The  experimental  work  was  carried  on  in  the  Psychological 
Laboratory  of  Harvard  University  from  191 1  to  1914.  It  began 
with  the  audible  recitation  of  groups  of  five  iambics,  such  as 
la-mo,  la-bo,  and  la-do.  The  O  was  long,  and  the  A  was  given 
as  the  'Italian'  A.  On  account  of  the  neglect  it  received  in 
the  arsus,  however,  it  became  the  neutral  vowel.  The  time  of 
the  recitation  was  taken  and  the  chief  results  were:  the  appear- 
ance of  a  caesura,  the  feeling  of  satis fyingness  at  the  fifth  iam- 
bic, the  changes  in  feeling-tone,  sensations  and  imagery,  as  the 
different  combinations  were  presented.  Only  the  above  three 
iambics  were  employed  this  way;  in  order  to  obtain  a  record  that 
was  valuable  for  the  correlation  of  so  motor  a  function  as  speech, 
some  graphic  record  had  to  be  employed. 

Historical 

Briicke^  had  obtained  kymograph  records  of  ictus  and  arsis 
by  means  of  a  quill  marker  while  various  kinds  of  verse  were 

*Brucke,  "Die  physiologischen  Grundlagen  der  neuhochdeutschen  Kunst" 
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recited.^  Lip  movements  were  also  recorded  by  means  of  a 
lever  passing  from  the  lips  to  the  kymograph.  His  findings  were 
that  the  time  taken  to  tap  various  kinds  of  poetic  feet  were  almost 
equal;  at  least  the  arses  recurred  at  equal  periods  of  time,  and 
the  abruptness  of  the  departure  of  the  kymographic  tracings 
from  the  abcissa  line  was  found  to  vary  considerably  for  dif- 
ferent poetic  metres. 

Bourdon®  had  traced  the  neck  vibrations  at  a  particularly 
mobile  place,  while  certain  sounds  were  uttered,  and  found  very 
great  amplitudes  for  the  vowel  I,  less  great  for  O,  and  lesser 
still  for  A.  It  appears,  however,  that  the  average  amplitudes  for 
combinations  of  consonants  with  O  was  greater  than  those  with 
I  and  A ;  the  I-combinations  being  quite  the  lowest. 

In  regard  to  what  one  might  expect  with  reference  to  the 
general  permeability  of  the  psycho-motor  organism  to  stirs  of 
various  sorts,  Angell*  held  that  "only  those  sensations  breaking 
in  upon  a  state  of  relative  quiet  disturbed  the  psycho-physical 
mechanism  enough  to  make  any  peripheral  difference." 

Fere's  opinion**  on  this  matter  is  that  a  momentary  intel- 
lectual activity  is  accompanied  by  a  momentary  increase  in  power 
of  the  voluntary  muscles.  He  also  found  that  both  under  the 
influence  of  an  intellectual  effort  and  of  other  things  {e.g,  speech 
and  odors)  certain  excitations  of  the  muscular  sense  were  aroused. 
His  studies  showed  that  during  the  exercise  of  speech  the  move- 
ments of  the  right  hand  were  influenced,  i,e,,  augmented,  just 
as  one  works  a  treadle  with  the  foot  and  finds  the  synchronous 
hand  movements  augmented  as  much  as  a  6th  or  a  sth ;  it  is  even 
stated  that  the  right  hand  in  gesture  plays  a  veritable  "esthesio- 
genic"  role.  But  the  correlation  of  the  amount  of  energy  ex- 
pended with  pleasurable  or  unpleasurable  states,  Fere  does  not 
report  in  the  case  of  speech;  in  connection  with  odors  and  the 

*The  study  was  not  of  the  pure  iambic  or  other  line;  inversions  of  feet 
occurred,  as  usual. 

'Bourdon,  P.,  "L'application  de  la  methode  graphique  a  Tetude  de  I'inten- 
sitie  de  la  voix,"  UAnee  Psychohgique,  1897. 

*Angell,  J.  R.,  "Organic  processes  and  consciousness,"  Psych,  Rev.  89a 
"^re   Hi.   "S-^nsation  *»    ^^uvement,"  1900,  esn  Chap.  3. 
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like,  the  greater  energy  seems  to  be  aroused  in  a  state  of  pleasure. 
But  the  final  generalization  is  in  these  terms :  "La  sensation  de 
plaisir  se  resont  done  dans  une  sensation  de  puissance;  la  sensa- 
tion de  deplaisir  dans  une  sensation  d'impuissance." 

The  development  of  the  expressive  method  itself  is  a  fitting 
corollary  to  the  "modem  tendency  to  understand  all  conscious- 
ness in  motor  terms,"  and  to  connect  it  with  the  "motor  rather 
than  the  sensory  side  of  the  organism."*  Professor  Miinster- 
berg's  action  theory  allies  itself  with  the  same  tendency.  Such 
writers  as  Dearborn,''  Pillsbury,®  Alexander,®  and  others  give  a 
large  place  to  the  psycho-motor  side  of  the  neural  arc,  though 
treating  the  consciously  volitional  side  of  consciousness  with 
varying  degrees  of  prominence. 

In  their  experiments  upon  the  "Time  relations  of  poetic 
metres,"^^  Hurst  and  Mackay  appear  to  have  justified  somewhat 
the  method  of  poetic  analysis  used  herein  (only  indirectly,  how- 
ever), and  while  their  subjects  only  scanned  silently  or  tapped 
empty  rhythms,  they  found  that  the  iambic  foot  was  really  short- 
long  and  thus  that  the  tapping  of  the  metrical  unit  laid  a  stress 
upon  the  so-called  accented  syllable.  Inasmuch  as  greater  differ- 
ences appear  among  the  poets  (as  found  by  the  tables  previously 
mentioned)  in  the  use  of  accented  than  of  unaccented  sounds,  the 
above  results  are  pertinent  to  the  present  investigation.  Fur- 
ther comparisons  of  method  and  results  are  hardly  possible ;  they 
used  the  iambic  foot  only  in  octosyllabic  lines,  (e.g.,  Scott's 
poems),  and  even  then  the  iambus  was  frequently  exchanged  for 
other  kinds  of  feet. 

Scripture's  subjects^^  read  rather  than  scanned  poetry.  Trip- 
let and  Sand  ford  ^2  found  that  the  explosive  consonants  were 

•Kostyleff,  quoted  from  E.  B.  Delabarre,  **Volition  and  motor  conscious- 
ness-theory," Psych.  Bull.,  1 91 2. 

^Dearborn,  G.  V.  N.,  "The  relation  of  muscular  activity  to  the  mental 
process,"  Am.  Ed.  Rev.,  1909  (14)  18. 
•"The  place  of  movement  in  consciousness,"  Psych.  Rev.,  191 1,  (18)  83-99. 
*  Brit.  Jour,  of  Psych^  igu   (4)  pp.  239-67. 
^Univ.  of  Toronto  Studies,  No.  3,  1899. 
Scripture,  E.  W.,  Yale  Psych.  Stud.,  Vol.  VII,  1899. 
'Studies  of  rhythm  and  meter,"  Am.  Jour,  of  Psych.,  XII,  1901. 
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more  nearly  tapped  and  spoken  at  identical  times  than  were  the 
others.  S  was  almost  always  syncoped.  But  in  the  general,  they 
found  that  finger  stress  indicates  quite  well  the  vocal  stress, 
though  minuter  correlations  are  not  indicated.  To  the  above 
results  we  ally  those  of  Meumann^*  which  state  that  the  time 
limit  of  syncope  is  but  0.02  seconds.  Miyake^*  found  that  the 
beat  of  the  finger  came  before  the  beginning  of  the  vowel  when  it 
stood  alone,  when  it  had  a  glottal  catch,  when  it  was  short  or 
long,  followed  by  a  final  consonant,  or  when  it  was  short  or  long 
between  two  consonants.  Also,  except  in  the  case  of  B,  D,  and  G, 
the  beat  as  tapped  came  before  the  vowel  following  these 
consonants. 

With  regard  to  the  matter  of  correlating  qualitative  conscious- 
ness states  with  the  motor  consciousness,  there  is  to  be  men- 
tioned Dressler's  work^*^  where  increased  central  activity  seemed 
to  favor  increased  rapidity  in  voluntary  movements;  also  the 
work  of  Drozynski^®  which  does  not  crystallize  into  any  specific 
positive  correlation,  but  shows  apparently  that  the  unpleasant 
stimuli  gave  the  more  noticeable  arousals.  But  by  'unpleasant' 
we  must  understand  here  the  many  meanings  of  the  term  in  the 
sense  of  Wundt's  tridimensional  theory.  This  writer  used  no 
iambics.^'' 

So  much  for  a  general  account  of  some  of  the  more  important 
and  result ful  experimentations  upon  the  motor  and  introspective 
phases  of  an  expressive  method  in  psychological  esthetics  (espe- 
cially in  re,  poetry).  But  to  come  down  to  the  particular 
elements  of  our  own  research,  especially  the  form  of  the  rhyth- 
mical presentation  and  the  apparatus  used;  and  first  the  rhythm 
form. 

"  "Untersuchungen  zur  Psych,  und  Aesth.  der  Rliythmus,"  Wundfs  StudUn, 

X,  1894,  p.  419. 
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See  Scripture,  "Elements  of  Experimental  Phonetics,"  csp.  Chap.  37. 

"  "Excitement  and  tapping  rates,"  Am.  Jour,  of  Psych.,  1891,  IV,  p.  523. 

""Atmungs  und  Pulssymptome  rhythmischer  Gefuhle,"  Wundfs  Psyche 
Stud.,  Vol.  7,  pp.  83-140. 

"  See  also  for  the  effects  of  pleasant  and  unpleasant  music,  F.  Rehwoldt; 
"Ueber  respiratorische  Affectssymptome,"  IVundt's  Stud,,  Vol.  3,  pp.  149-192. 
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The  Choice  of  the  Iambic  Foot 

It  was  shown  above  that  iambus  is  a  sufficiently  character- 
istic form  to  be  used  as  a  vehicle  for  sounds  {op,  cit.  Hurst  and 
Mackay).  There  is  another  justification,  however.  From  the 
writer's  own  experience  in  the  field  of  literature,  the  standard, 
as  well  as  the  most  dignified  line  of  English  poetry  is  the  iambic, 
decasyllabic  line;  the  comic  finds  a  place  much  more  readily  in 
the  octosyllabic  (and  trochaic)  line,  or  in  still  smaller  forms. 
No  longer  line  than  this  has  succeeded  for  great  lengths  of 
verse,  and  most  of  the  sustained  work  of  any  considerable  length 
(barring  of  course  Coleridge's  "Lyrical  Ballads")  is  written  in  it, 
and  even  lighter  works  such  as  sonnets  are  not  rendered  over 
heavy  by  its  use.  The  iambic  foot  was  chosen  because  it  appeared 
to  be  the  standard  foot  in  English  poetry,  not  because  exceedingly 
frequent  inversions  of  it  did  not  occur,  nor  because  dactylic  and 
anapestic  innovations  were  not  part  of  the  very  body  of  even  the 
heavier  epics,  nor  because  runover  lines  did  not  frequently  ren- 
der the  iambic-trochaic  mele  of  feet  difficult  of  interpretation 
in  favor  of  one  or  the  other  kinds  as  the  predominant  foot,- — ^but 
because  the  stress  of  the  accented  syllable  of  the  iambus  seemed 
to  bring  more  into  prominence  the  sounds  meant  to  be  stressed 
than  did  that  of  the  trochee.  Hurst  and  Mackay  (op  cit.)  found 
indeed  that  the  iambus  detained  its  ictus  in  the  motor  conscious- 
ness twice  as  long  as  its  arsis,  while  the  time  relation  of  ictus  and 
arsis  in  the  trochee  was  only  3/2  to  i. 

The  experiments  carried  on  by  Stetson^®  and  Bingham^®  had 
effectually  shown  the  advisability  of  employing  some  simple  vol- 
untary process  as  a  basis  for  psycho-motor  correlation.  The 
method  herein  employed  is  practically  the  same  as  theirs.  The 
voluntary  process  used  was  the  tapping  movement  of  the  right 
index  finger.  This  movement  is  exceedingly  simple  and  natural, 
and  soon  tends  toward  automatism,  leaving  one's  attention  entirely 
free  to  be  directed  upon  the  stimulus.  Very  rarely  did  the 
finger  movement  return  to  consciousness  after  it  had  become 
automatic ;  when  it  did  so,  introspection  showed  a  very  unpleasant 

''"Rhythm  and  Rhyme,"  Harvard  Psych.  Stud.,  Vol.  I. 
"  "Studies  in  Melody,"  Harvard  Psych.  Stud.,  Vol.  II. 
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and  turgid  state  of  consciousness;  which  state  seems  to  be  present 
usually  when  any  chain  of  habitual  responses  is  broken. 

The  Apparatus 

The  form  of  the  apparatus  was  as  follows :  Upon  two  tables 
placed  about  two  metres  apart,  revolving  brass  drums  were  fas- 
tened ;  over  these  drums  passed  a  smoked  paper  belt ;  the  driving 
mechanism  was  at  one  end,  the  record-taking  device  was  at  the 
other.  The  subject  sat  comfortably  at  the  side  of  the  table  and 
laid  his  right  arm  on  a  flat  wooden  rest  having  a  notch  sufficiently 
long  to  avoid  all  possible  interference  with  the  index  finger, 
which  was  left  free  to  move  throughout  its  entire  natural  range 
of  flexion  or  extension.  To  have  had  the  finger  strike  against 
some  resisting  surface  would  have  prevented  our  detecting  any 
slight  variations  which  the  stimuli  produced  and  inasmuch,  also, 
as  the  characteristic  departures  of  the  tapped  strokes  from  the 
abscissa  line  were  of  great  importance  for  most  of  the  subjects, 
the  lack  of  objective  controls  in  the  tapping  was  an  obvious 
advantage. 

The  periodic  movement  of  the  finger  was  recorded  as  follows : 
the  end  of  the  finger  was  placed  in  an  oilcloth  cot  which  was 
used  for  all  the  experimental  work  without  being  changed,  and 
from  the  cot  ran  a  fine  silk  thread  up  over  a  small  brass  pulley 
(always  kept  well  oiled)  through  a  guide,  and  was  fastened  to  a 
small  aluminum  marker  of  triangular  shape.  From  the  other  end 
of  the  marker  ran  a  small  rubber  band  to  an  unright  support. 
The  point  of  the  marker  rested  on  the  smoked  ribbon,  at  a  place 
on  its  surface  quite  close  to  the  vertical  axis  of  the  drum,  and 
so  neatly  was  this  whole  apparatus  constructed  and  so  slight 
was  the  tention  of  the  nibber  band,  that  it  was  hardly  per- 
ceptible to  the  sj^bjects  and  did  not  interfere  with  the  freedom 
and  naturalness  of  the  movement.  The  tension  was  not  altered 
throughout  the  experiments.  The  thread  and  rubber  band  were 
renewed  in  duplicate  at  about  equal  intervals  and  thus  the  mechan- 
ical errors  in  the  recording  device  were  reduced  to  a  minimum. 

The  smoked  paper  ribbon  was  driven  by  a  gravity  motor  of 
'^iiflFir  mfly  cons^^^r^  sD'^cd  to  reduce  the  error  of  inconstant  ^o 
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less  than  i  per  cent.  Its  rate  was  i  cm.  =  1.54  sec.  The  driving 
mechanism  was  enclosed  in  a  ij^  in.  soft-pine  box,  lined  with 
very  heavy  felt,  and  the  only  sound  audible  was  an  exceedingly 
faint,  and  not  unpleasant  whirr,  which  soon  became  accommo- 
dated and  was  never  again  noticed.  A  control  string  passed  from 
the  motor  up  over  a  pulley  to  the  other  end  of  the  belt  to  where 
the  experimenter  sat,  and  thus  the  movements  of  the  experimenter 
were  very  slight. 

As  the  finger  moved  up  and  down  while  the  ribbon  revolved, 
tracings  were  made  on  the  smoked  surface  and,  since  the  pointer 
accurately  recorded  the  full  extent  of  finger  movement  as  well  as 
such  qualitative  differences  as  suddenness  and  quiverings  in 
flexion  and  extension,  the  smoked  paper  ribbon  translated  much 
of  the  voluntary  movement  into  visible  terms. 

No  suggestions  or  illustrations  were  ever  given  as  to  rate  or 
extent  of  finger  movement;  each  subject  was  allowed  to  make  his 
own  pattern,  and  for  this  a  little  preliminary  tapping  was  em- 
ployed using  empty  5-iambic  lines.  In  recording  the  introspec- 
tion, which  was  done  without  inserting  a  screen  between  subject 
and  experimenter,  great  care  was  always  taken  to  betray  no  sign 
that  the  introspection  given  was  agreeable  or  not  to  the  results 
sought  after.  At  least,  all  conscious  control  of  the  matter  was 
assiduously  avoided. 

The  apparatus  was  arranged  so  that  the  subject  sat  facing  the 
window,  from  which  only  a  patch  of  sky  was  visible ;  the  aspect 
was  northerly,  and  there  being  little  or  no  direct  sunlight,  the 
lighting  of  the  room  was  fairly  constant  throughout  the  whole 
period  of  experimentation. 

Preliminary  Experiments 
The  first  experiment  to  be  tried  with  the  above  tapping  device 
was  a  decasyllabic  line  made  of  five  iambics,  repeating  la-mo. 
This  line  was  repeated  five  times.  The  instructions  ran  as  fol- 
lows: "This  is  an  experiment  upon  the  psycho-motor  effect  of 
the  sounds  in  poetry;  while  you  recite  the  line,  tap  at  each  ac- 
cented syllable ;  take  your  own  time  to  do  it,  tap  in  a  natural  way, 
in  as  long  or  as  short  strokes  as  you  please ;  say  it  in  a  clear  voice 
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and  then  introspect  upon  the  three  factors  of  feeling-tone,  sensa- 
tions and  imagery,  if  all  three  come;  otherwise  just  give  me 
the  introspectional  conscious  content,  much  or  little;  it  is  the 
sounds  and  their  effects  which  you  are  to  attend  to.  I  pull  this 
string  and  start  the  motor;  after  that,  whenever  you  are  ready, 
recite  and  tap;  the  line  is  to  be  spoken  and  tapped  five  times; 
pause  between  the  lines  just  enough  to  control  the  start  of  the 
next  line ;  have  you  got  the  instructions  in  mind  ?  are  you  ready  ? 
etc."  This  instruction  was  not  repeated  in  toto  at  every  hour's 
work  to  every  subject;  as  much  of  it,  however,  as  was  deemed 
necessary  from  psychognostic  reasons  was  repeated,  in  order 
to  get  the  same  'set'  for  each  group  of  experiments.  Inasmuch 
as  the  motor  field  was  so  narrow,  the  tapping  soon  became 
automatic,  and  the  instructions  could  be  reduced  to:  "This  is  to 
be  tapped  as  the  others  were, — on  the  accented  syllable."  And 
since  most  of  the  experiments  were  written  out  and  the  accents 
marked  in  red,  this   fact  rendered   full  instructions  obsolete. 

La-mo  was  followed  on  the  same  day  by  two  other  experi- 
ments, la-bo  and  la-ro.  All  of  the  eight  subjects  found  the 
la-ro  pleasant;  one  subject,  W.,  found  la-mo  unpleasant,  and 
A.  found  la-bo  unpleasant.  In  general,  la-mo  was  found  to  have 
a  "soft,  smooth  character,"  like  the  gentler  sounds  of  nature; 
la-ro,  on  the  other  hand  was  said  to  represent  the  roar  of  waves 
and  to  have  less  personal  reference  than  la-mo;  while  la-bo  im- 
plied something  insistent  and  was  referred  to  as  "trivial." 

One  cannot  lay  much  importance  upon  the  affect-motor  corre- 
lations in  these  experiments,  for  the  subjects  had  not  yet  become 
accustomed  to  the  tapping;  A.  and  W.,  for  example,  found  it 
more  convenient  and  natural  (?)  at  first  to  represent  the  ictus 
by  an  up-stroke  of  the  finger.  The  down  stroke  was 
suggested,  and  they  attempted  it,  but  for  the  first  few  weeks, 
at  least,  found  that  it  was  more  difficult  to  employ  it.  The 
records,  nevertheless,  were  measured  with  respect  to  the  ictus, 
whether  it  had  been  functioned  by  an  up  or  a  down  stroke.  It 
seemed  very  curious  that  an  accented  syllable  should  be  repre- 
sentee* ^y  means  r^  the  weaker  o^  the  two  movements  of  the 
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Of  these  three  combinations,  la-bo  appears  to  have  aroused 
the  greatest  feeling  of  energy.  A.  seemed  to  find  it  so;  B.  cer- 
tainly declared  it  as  such;  L.  and  T.  also  indicated  the  same 
tendency.  But  B.  moved  his  finger  farther  in  the  recitation 
of  la-mo  and  la-ro  than  he  did  in  the  more  "energetic"  la-bo. 
So  did  L.,  while  T.  who  found  la-ro  to  represent  "something 
substantial"  employed  the  greatest  force  for  that  sound,  and 
was  consistent  with  respect  to  la-bo,  which  he  called  more  active 
than  la-mo.  But  this  was  all  in  the  learning  stage,  and  it  is 
not  surprising  to  find  that  practice  increases  the  length  of  the 
tappings,  on  account  of  the  greater  familiarity  and  confidence 
with  the  work  which  it  brings.  The  subjects  were  asked  to 
rank  these  three  experiments  according  to  pleasantness,  and 
the  following  scheme  shows  what  relation  degrees  of  pleasure 
have  to  motor  discharge  in  this  first  group  of  experiments. 
(Descending  pleasantness  represented  by  A.  B.  C.) 

Subject                             (A  Tapp.)  (B.  Tapp.)  (C.  Tapp.) 

Av.                             Av.  Av. 

A -ro  44-1  mm.  -mo  38.3  mm.  -bo   44.9  mm. 

B -ro  78.1  -mo  83.5  -bo    76.2 

F.   -ro  45.8  -mo  58.0  -bo    464 

L.   -ro  51^  -mo  66.7  -bo   S0.7 

N -ro  86.8  -bo   87.7  -mo  83.3 

T -ro  76.0  -'bo   73.6  -mo  62J6 

W -ro  54.8  -mo  246  -bo    55-3 

Z -ro  43.5  -mo  51.2  -bo   42.3 

Three  of  the  subjects,  A.,  W.,  and  Z.,  ascend  in  length  of 
tappings  as  the  feeling  tone  ascends.  Three  of  them,  B.,  L.^ 
and  T.,  all  give  the  medium  stroke  to  the  experiment  they  found 
in  the  middle  degree  of  pleasantness  but  all  three  also  ally  the 
greatest  degree  of  pleasure  to  the  least  amount  of  motor  dis- 
charge.   The  other  two,  F.,  and  N.,  show  no  correlation  at  all. 

The  next  two  experiments  were  the  combinations  de-ho,  and 
ho-de  (both  long  vowels).  From  graphing  the  objective  re- 
sults it  appeared  that  ho-de  produced  on  the  average  a  greater 
motor  output  than  did  de-ho.  Also  the  curve  of  the  latter  rises 
and  falls, — from  the  first  to  the  middle  a  rise,  and  from  the 
middle  to  the  end  a  descent;  this  was  general  for  all  the  sub- 
jects :  some  reported  a  little  exhilaration,  strain  and  the  like, 
but  no  feeling  of   fatigue,  or  exhaustion.     The  ho-de  curve. 
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on  the  other  hand,  rises  almost  continuously  from  start  to  finish, 
with  a  remarkable  rise  on  the  fourth  foot  of  the  fifth  group, 
and  a  no  less  striking  descent  on  the  last  accented  syllable  of 
the  series.  But  the  last  three  groups  show  the  same  general 
tendency, — ^that  of  emphasizing  the  motor  prominence  of  the 
fourth  foot  of  the  group.  The  first  group  of  either,  however, 
shows  almost  the  same  kind  of  form,  which  may  be  due  to  the 
persistence  of  the  motor  "set." 

Three  of  the  subjects,  A.,  L.,  and  T.  preferred  ho-de;  in 
each  case  the  tapped  strokes  were  longer  for  the  more  pleasant; 
but  in  the  former  experiments,  only  one  of  them.  A.,  showed 
this  feature.  All  the  other  subjects,  B.,  F.,  N.,  W.,  and  Z. 
manifested  a  preference  for  de-ho;  all  but  N,  as  mentioned  above, 
tapped  shorter  strokes  while  reciting  it.  Four  of  the  subjects 
found  the  vocal  construction  caused  by  the  "-de"  an  unpleasant 
feature.  But  inasmuch  as  there  was  no  objective  standard  of 
intensity  or  other  vocal  quale  which  was  to  be  followed,  the 
matter  of  constriction  cannot  be  raised  to  a  very  high  impor- 
tance. One  can  say  "ho-de"  with  countless  degrees  of  energy 
and  the  like,  and  usually  no  subject  intensified  an  unpleasant 
sensation;  rather  was  the  voice  weakened  and  lowered  to  avoid 
it.  On  the  same  day,  also  as  de-ho  and  ho-de  were  given,  the 
combination  ra-fo  (both  vowels  long)  was  given.  The  explosive 
character  of  the  f  tended  upon  repetition  to  destroy  the  pleasant- 
ness with  which  it  started  out. 

The  graphings  showed  a  remarkable  steadiness  of  motor  reac- 
tion for  this  combination  until  the  last  g^oup  of  five  iambics 
was  reached. 

The  next  two  experiments  were  de-sto,  and  stogie  (vowels 
both  long).  Curiously  enough,  the  differences  in  the  amount 
of  motor  discharge  did  not  appear  until  the  fourth  and  fifth 
groups,  and  while  the  ho-de  graph  kept  rising  after  the  third 
group,  and  de-ho  fell,  here  the  case  was  altered  ccMnpIetely; 
de-sto  showed  an  ascent,  but  in  the  middle  of  the  line  only  ( !) ; 
but  again,  the  accented  O  produced  a  slower  reaction  than  did 
the  E.  One  must  remember,  of  course,  that  not  only  is  the 
acc'*"*^'*'^    ;^ 'iqhl*    liflFprofif  I'n    »;^cF    '^f  thcse  ^on^  <*xperiment» 
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but  also  is  the  unaccented  syllable.  Furthermore,  the  subjects 
reported  that  not  only  did  the  iambic  attempt  to  become  a  trochee, 
but  the  unaccented  syllable  also  tended  to  demand  an  accent! 
Correlating  the  feeling-tone  with  the  motor  discharge  of 
these  two  experiments,  we  find  that  subjects  A.  and  F.  tapped 
longer  strokes  for  the  pleasant  than  for  the  unpleasant  experi- 
ments; N.,  W.,  and  Z.  reversed  this;  L.  tapped  longer  strokes 
for  the  unpleasant  than  for  the  indifferent,  while  B.  and  T. 
tapped  longer  strokes  for  the  pleasant  than  for  the  neutral. 
A  comparison  of  these  results  with  those  given  previously  shows 
very  little  constancy. 

The  Psycho-Motor  Effects  of  N 

The  next  seven  experiments  were  constructed  to  ascertain  the 
effect  of  accented  N;  the  unaccented  syllable,  "be"  (short  e) 
was  chosen  because  it  seemed  to  be  about  as  explosive  as  N, 
and  thus  would  be  a  good  balance  for  it.  The  experiments 
were:  be-ne  (e  short),  be-ne  (e  long),  be-ni  (i  short),  be-ni 
(  i  long),  be-na  (a  long),  be-nu  (u  short)  and  be-noo  (00  long). 
N  is  also  a  much  used  sound  in  the  language.  Seeing  that  these 
experiments  furnished  a  better  body  of  material  than  any  pairs 
or  triads  which  had  preceded,  it  was  decided  to  correlate  accord- 
ing to  the  mean,  the  mean  variation,  and  the  range.  In- 
trospectionally,  N  appeared  to  arouse  an  attitude  of  negation. 
This  group  of  experiments  also  appeared  as  the  conjugation 
of  a  verb,  and  took  on  at  once  with  most  of  the  subjects  a  dis- 
tinctly "oriental"  character.  -^TThe  N  dominated  consciousness, 
in  spite  of  the  changing  final  vowet.  The  experiments  were  all 
given  on  the  same  day ;  which  may  also  account  for  the  following 
constancy  in  numerical  results. 

Rank  list.    Average  of  the  tappings   for  €ach  subject. 
Subject  Be-ne    -ne       -ni      -ni      -na      -nu    -noo         Variation 

A b         b         c         c  b         b         b  2 

B h         h         h         g         g         g         g  3 

F e  e         e         d  e  d         e  2 

L.    dddeded  2 

N,.    g  g  g  h  h  h  h  3 

T f  f  f  f  f  f  f  o 

W c  c  b  b  c  c  c  2 

Z a  a  a  a  a  a  a  o 
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If,  however,  we  take  the  averages  of  the  tappings  for  the 

pleasant,  unpleasant  and  neutral  experiments,  no  such  harmony 

is  manifest.    As  follows: 

PUN 

Average  of  arranged  in 
Subject                                    PUN           order  of  magnitude 

A 52.9           53.3  514  U  P  N 

B 78.0          76.7  804  N  P  U 

F.    62.9          624  65.0  N  P  U 

L 62.3           62.5  65.0  PUN 

N 785           80.8  —  UP  — 

T 68.0          68.1  65^  U  P  N 

W 53.8           —  —                     

Z 46.0          49.1  —  UP  — 

But  even  if  no  judgments  of  unpleasantness  or  neutrality  were 
made  by  some  of  the  subjects,  yet  the  above  tabic  shows  that 
when  such  judgments  were  made,  it  was  not  at  a  time  when  the 
tappings  were  the  longest;  one  is  again  at  this  place  referred 
to  Fere's  "sensation  et  mouvement",  op,  dt.  Where  comparison 
is  possible  in  these  above  citations,  rarely  did  the  pleasant  feeling- 
tone  go  with  the  longest  tapped  strokes.  The  balance  hangs 
almost  evenly  between  neutrality  and  unpleasantness  in  this 
respect. 

The  rank  lists  of  the  mean  variations,  hereafter  denominated 
by  M.V.  and  of  the  ranges,  that  is,  the  millimetric  distance 
between  the  longest  and  the  shortest  tapped  strokes,  denominated 
later  by  Rnj,  show  no  positive  correlation.  In  this  instance, 
also,  the  averages  of  the  M.V.  and  of  the  Rnj.  for  the  P.,  U,, 
and  N,  experiments  is  hardly  significant. 

The  graphs  for  these  experiments  showed  that  be-ne  and  be-n6 
are  similar  in  their  capacity  to  arouse  equal  amounts  of  motor 
discharge.    The  average  difference  is  but  2mm.    All  things  con- 
sidered, the  increase  of  motor  output  was  fairly  steady  from 
start  to  finish.     Beni  and  Be-ni  showed  a  less  increase  from 
start  to  finish  and  in  the  third  and  fourth  group  of  five  iambics 
stood  somewhat  apart.     There  was  a  general  rise  in  be-nii,  but 
^''^-noo  fell  almost  precipitously  at  the  close.     Be-na  tended  to 
'Mplicate  be-ne  and   be-ne.     These  differences  can  hardly  be 
orrelated  with  those  of  feeling  tone,  for  the  be-ne  was  found 
0  b     )lea<^^nt  by  3  persons,  Unp,  by  4,  and  indifferent  by  one; 
^-^-n^      .  "I     1    followed   '*    qiiit^   -fpitVf^ull^'   *»i   the  seraph,   '""i^ 
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chosen  pleasant  by  7,  and  Unp.  by  one.  Likewise,  be-nu  was 
found  pleasant  by  two  persons,  Unp.  by  three,  and  yet  this  graph 
does  not  ascend  at  all  like  the  other  one  or  with  so  great  an  up- 
ward slant;  moreover,  be-noo,  which  was  chosen  pleasant  by 
all  the  subjects  (including  the  7  who  chose  be-ne  as  pleasant), 
did  not  produce  the  same  kind  of  a  graph  in  appearance  as  did 
be-ni.  Furthermore,  there  was  no  report  from  the  subjects  that 
they  felt  the  finger  strokes  getting  longer  or  shorter  in  any 
such  way  as  these  graphs  indicate  they  must  have  done.  And 
every  one  of  the  subjects  contributed  to  the  increases  and  de- 
creases. One  can  but  conjecture  then,  that  some  of  the  neural 
currents  find  their  way  out  of  the  .central  system  along  that 
motor  channel  which  is  already  in  use,  without  making  their 
functional  nature  known  to  the  introspective  consciousness.  It 
was  unpleasant,  also,  for  nearly  all  of  the  subjects  to  be  aware 
of  their  lip  and  tongue  movements;  and  while  some  of  them 
actually  did  raise  the  pitch  of  their  voices  at  the  finish  of  be-na 
and  be-ni,  yet  they  had  no  notion  of  it,  much  less  of  the  fact 
that  they  were  tapping  in  co-ordination  with  this  general  in- 
crease of  eflFort.  The  only  introspection  they  gave  on  this  matter 
was  "a  feeling  of  difficulty"  {e.g.  with  be-ni)  and  a  "feeling  of 
activity"  etc.  {e.g.  with  be-ni).  That  both  of  these  should 
produce  the  same  general  increase  of  tapping  is  interesting. 

The  Effect  of  Long  OO 

The  next  experiments  were  of  the  same  general  character. 
Ro  (long  o)  was  chosen  as  the  imaccented  foot,  and  the  long 
accented  vowel  was  00  (long).  Both  being  long,  open  vowels, 
a  good  balance  was  expected.  Furthermore,  the  long  00  vanishes 
quite  readily  into  a  long  o,  preceded  by  R.  Unlike  the  former 
group,  which  was  devised  to  study  the  eflFect  of  accented  N,  this 
group  intended  to  bring  into  prominence  the  mouth  resonances, 
rather  than  the  articulation  pressure  of  the  consonant  N.  The 
following  consonants,  in  the  following  order,  were  prefixed  to 
the  accented  long  00:  B,  M,  V,  TH  (sonant),  D,  Z,  SH, 
J,  L,  and  G.  As  usual,  the  iambic  decasyllabic  line  was  employed, 
and  repeated  five  times. 
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From  the  introspection  given  for  these  experiments  it  was 
found  that  the  long  vowels  employed  in  them  dominated  the 
combinations  and  had  a  non-personal  reference.  Frequently  the 
effect  became  soporific,  and  again,  when  the  consciousness  of 
facial  expression  involved  while  reciting  them  became  observed, 
the  subjects  were  inclined  to  call  the  emotion  thus  induced  one 
of  "supplication"  or  "complaint."  None  of  the  consonants  at- 
tached to  this  vowel  ever  became  at  all  "hard,"  or  difficult  to  say. 

The  rank  list  for  the  mean  of  these  experiments. 

Experiment  Ro-boo  -moo  -voo  -thoo  -doo  -zoo  -shoo  -joo  -loo  -goo 
Subject 

A d         e         e  e         f  d         e  d         e         f 

B e         d         g  g         d  f         f  f          f         e 

1          1          1  1          1  1          1  1          1          1* 

F f         f         c  d         e  e         d  c  d  d 

L b         c         b  b         b  b         c  b  b  b 

N g         h         f  f         h  g         g  g  h  g 

T c         b         d  c         c  c          b  c          c         c 

W hghhghhhgh 

Y a         a         a  a         a  a         a  a  a  at 

Comparing  these  ranks  with  those  of  the  be-ni  type  of  experi- 
ment and  with  only  those  subjects  who  took  part  in  both,  we 
find  them  showing  the  following  divergences  from  a  steady 
position : 

Be-ni,  etc.,   A.  2,  B.  3,  F.  2,  L.  2,  N.  3,  T.  o,  W.  2. 

Ro-boo,   etc A.  5,  B.  6*  F.  8,  L.  2,  N.  S,  T.  3,  W.  3. 

The  first  group  represented  here  contained  7  experiments,  the 
second,  10.  One  can  expect  a  wider  latitude  of  variation  in  a 
greater  quantity  of  material.  F.,  alone  seems  to  have  increased 
the  ratio  of  divergence  more  than  would  be  expected.  It  was 
noticed,  also,  that  the  organic  stirs  which  some  of  these  experi- 
nents,  like,  for  example,  Ro-thoo  set  up,  was  not  shaken  off 
^y  him  (F.)  until  several  of  the  subsequent  experiments  had 
oeen  performed.  Besides,  -moo  and  -voo  had  disturbed  his 
-original  position  in  the  ranks,  which  was  "f."  He  never  after- 
Arards  regained  it  in  this  set  of  experiments. 

TVip  introspection  for  the  above  experiments  contained  many 
-^i^ics:  u-      •    "feelings  of  activity,"  "struggles,"  "quiet  states/' 

lubject  e  IV  >egins  to  tap  the  longest  strokes  of  any  and  f  Subject  Y. 
.  •••^ins  in  the  lov^^st  position.  It  is  the  rank  of  the  other  seven  subjects, 
•'h      aried  the  length  of  their  tappings  most  and  whop*  ♦anninea  prr  f*»^^^T 

t_         n    l*»rigrfVi    «r-V|if»f|   r>a«ir1(;    'o   ^^    ■•pn^JH'**''*^    pcr'^rij^Hv 
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and  so  on.    Let  us  compare  these  with  the  amounts  of  motor 
discharge  in  the  tappings : 

A.  felt  "-moo"  to  be  easy,  and  "thoo"  to  be  a  struggle;  and 
the  M.  for  -moo  is  greater  than  for  -thoo;  again,  in  -loo,  he 
felt  activity,  but  the  M.  for  -loo  is  not  as  high  as  it  is  for  -shoo, 
-joo,  and  -goo,  in  each  of  which  there  were  unpleasant  mouth 
sensations.  B.  felt  -joo  to  be  the  most  energetic,  and  his  M.  for 
this  is  the  highest  of  the  series,  94.8;  -thoo,  which  brought 
visual  imagery  of  a  dense  crowd,  was  accompanied  by  a  M.  of 
94.0;  -zoo,  with  "openness,"  has  an  M.  of  91.0;  but  while  with 
th,  "crowdedness"  is  correlated  with  94.8  mm.,  "sultriness"  in 
the  imagery  of  -doo  is  correlated  with  only  77.6  mm.  in  the  mean 
of  the  tappings. 

C.  shows  some  nice  correlation  between  energetic  and  passive 
states  in  connection  with  -boo,  -moo  and  -voo ;  but  -loo  is  higher 
in  the  M.  than  -joo.  F.  gave  the  lowest  of  his  M.'s  to  -voo  and 
-thoo,  which  he  found  the  most  difficult  to  say,  while  in  the  sounds 
which  brought  a  feeling  of  activity,  he  taps  the  longest  strokes. 
L.  does  not  seem  to  offer  correlation  either  way.  N.  during 
states  in  which  activity  is  felt,  taps  longer  strokes  than  when 
some  restraint  is  manifest;  c./.  -voo,  -doo,  -zoo  and  -loo  as 
compared  with  -boo,  -thoo,  and  -joo.  T.  and  Y.  do  not  seem 
to  furnish  any  definite  correlations.  W.  taps  variously  for  the 
energetic  sounds,  yet  gives  a  M.  of  99.8  to  -zoo,  which  did  not 
seem  to  appear  energetic  to  him. 

Thus  the  three  factors  of  "free  activity,"  "restraint"  and  "quiet 
ease"  do  not  correlate  with  the  amounts  of  motor  discharge  in 
any  way  as  one  might  expect.  Three  classes  of  subjects  are  evi- 
denced in  the  above  records ; — ^those  who  tend  towards  relaxation 
in  the  finger  when  they  feel  it  in  the  imagery  or  in  the  utter- 
ance of  the  sounds,  those  who  do  the  opposite,  and  those  who  vary 
throughout  the  experiments.  But  it  is  perhaps  too  early  in  the 
work  to  make  any  general  statements. 

Correlation  of  feeling-tone  with  motor  discharge 

Experiments :  ro-boo ro-goo,  as  before 

Subjects  PI.  Unpl.      Neutral 

A 83.6  84^  84,9  N  U  P 

B 89.3  77.6  85.7  P  N  U 

C 103.1  108.8         109.2  N  U  P 
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F.    85.6  79.6  —  PU  — 

L ,    614  64^  63.0  U  N  P 

N 93.6  904  —  P  U  — 

T 85.5  76.I'  —  P  U  — 

W 96.0  —  88^  PN  — 

Y 46.6  46.0  —  P  U  — 

This  seems  to  give  a  decidedly  different  sort  of  result  from 
that  of  the  Be-ni  type  of  experiment  revealed  with  respect  to  the 
length  of  the  tappings  during  the  pleasant  experiments;  but 
if  the  single  experiments  are  taken  into  consideration,  it  will 
be  found  that  while  subjects  A.  L.  T.  and  W.  do  tap  the  longest 
strokes  for  the  most  pleasant  of  the  pleasant  experiments,  yet 
the  other  subjects  do  not  do  so;  B.  C.  F.  and  N.  show  no  prefer- 
ences, while  Y.  taps  the  shortest.  But  this  division  of  the  siA- 
jects  into  classes  does  not  run  parallel  with  the  above  division  into 
classes  on  the  basis  of  motor  output  and  feelings  of  restraint, 
activity  or  quiet  ease.  But  until  we  come  to  a  set  of  experiments 
in  which  each  one  of  the  subjects  is  represented  in  all  three  feel- 
ing tones,  it  is  hardly  fair  to  pit  one  set  of  results  over  against 
another  to  the  detriment  of  either.  It  may  well  be  that  the 
continuance  of  pleasant  states  or  of  other  kinds  has  its  own  special 
effect  upon  the  motor  resources. 

Considering  the  three  rank  lists,  M.,  M.V.  and  Rnj.  together, 
find  that  the  number  of  aberrations  from  a  steady  position  is  very 
great,  and  only  the  following  remarks  are  appropriate: 

I.  Subjects  C,  F.  and  N.,  approach  and  sometimes  maintain 

some  degree  of  regularity  in  the  Mean  Variation  and  in  the 

Range,  yet  only  one  of  these,  C,  remained  steady  in  the  Mean 

rank  list.     Here,  in  the  M.V.,  this  subject  has  four  f-positions 

and  in  the  Rnj.,  three  g-positions,  with  a  general  tendency  to 

maintain  them.     Subject  F.  who  had  eight  displacements  in  the 

Mean  rank  list,  steadies  himself  with  three  h-positions  in  the 

VI. V.  rank  list,  and  with  three  g-positions  in  the  Rnj.  rank  Ii8t» 

but  only  in  the  latter  does  he  tend  toward  making  that  letter  his 

noorings.     Subject  N.,  with  five  displacements  in  the  Mean 

-'"k  list,  shows  here  steadiness  in  the  M.V.  list,  tending  toward 

n  c  position,  and  in  the  Rnj.  list  his  tendency  is  toward  maintain- 

"f   ^^^  sa^**  rositior  ^l*^'^     P^-*^  Y.  w^'^  was  absolnt«*W  is^pj^dv  in 
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the  Mean  rank  list,  here  shows  only  three  h-positions  in  the  M.V. 
and  but  three  c-positions  in  the  Rnj.  rank  list. 

2.  Most  of  the  other  subjects,  who  tended  toward  some  steadi- 
ness in  the  Mean  rank  list,  here  are  scattered  up  and  down  the 
scales  in  complete  disorder. 

Correlations  were  shown  before  between  the  feeling  tone  and 
the  averages  of  all  the  tappings  for  the  pleasant,  luipleasant  and 
neutral  combinations.  There  follows  a  similar  table,  showing 
the  correlation  between  the  feeling  tone  and  averages  of  all 
the  mean  variations  and  ranges  of  all  the  tappings  during  the 
various  feeling  tone  states. 

(Repeating  the  former  correlations  with  the  mean.) 
Experiments :  ro-boo ro-goo. 

Subjects  Pleas.     Unpl.      Neut.         (Mean)        N  U  P 

A.  M.V 3.1  34  24  U  P  N 

Rnj 18  19  12  U  P  N 

it 

P  N  U 

B.  M.V 3.7  3.2  4,1  N  P  U 

Rnj 20  13  19  P  N  U 

N  U  P 

C.  M.V 4.5  3.7  2.9  PUN 

Rnj 19  24  16  U  P  N 

PU* 

F.  M.V 3.5  3.0         —  P  U 

Rnj 20  18  —  PU 

UN  P 

L.  M.V 35  34  4.9  N  P  U 

Rnj 18  17  23  NPU 

P  u 

N.  M.V 2.2  2.9         —  UP 

Rnj 12  14  —  U  P 

PU* 

T.  M.V 3.8  34         —  P  U 

Rnj 20  19  —  P  U 

P  N 

Rnj 16  —         17  NP 

« 

P  U 

Y.  M.V 3jI  3.0  PU 

Rnj 17  22  UP 

*  Where  only  two  kinds  of  affective  judgments  are  made,  of  course  ^e 
possibility  of  correlation  is  better,  but  even  chance  would  give  as  good 
correlations  as  N.,  W.,  and  Y.  show. 
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The  graphs  for  these  experiments  showed  an  entirely  new  char- 
acter in  the  visible  record  of  the  average  of  the  tappings  for  all 
the  subjects.  With  few  exceptions,  the  rise  is  only  initial,  but 
not  a  great  deal  of  importance  is  to  be  given  to  the  first  group  of 
five  iambics  in  any  of  the  experiments,  because  no  preliminary 
tapping  was  done  by  any  of  the  subjects ;  they  all  b^an  to  tap  and 
recite  at  the  same  time.  The  averages  of  the  Be-ni  type  of  ex- 
periment were  all  below  70  mm.;  these  are  all  above  77  mm.; 
evidently  all  the  subjects  got  more  familiar  with  the  work.  In- 
deed, all  of  them  seem  to  have  by  this  time  passed  the  period 
of  the  "Anregung,"  as  can  be  easily  demonstrated  from  the 
tables  which  are  to  follow.  It  remains  to  be  seen  whether  the 
subjects  respond  to  the  material  of  the  experiment  in  such  a  way 
as  to  furnish  correlations  between  feeling-tone  and  motor  dis- 
charge in  point  of  Mean,  Mean  variation  and  Range  that  will  be 
of  any  service  in  determining  the  psycho-motor  effect  of  the 
speech  elements  in  poetry.  Referring  to  the  graphs  again,  it 
appears  that  the  vowel  OO  swallows  the  consonants  which  pre- 
cede it,  and  to  produce  in  the  drawings  the  visible  effect  of  OO 
rather  than  of  B,  M,  TH  and  so  forth.  It  remains  to  be  seen 
whether  the  other  vowels  to  be  experimented  upon  perform  this 
same  usurpative  function  or  not.  It  will  be  remembered  that 
00  dominated  also  the  introspective  consciousness  in  these 
experiments. 

The  Effect  of  Long  E 

The  next  ten  experiments  were  devised  to  exhibit  the  effect  of 
long  E.  The  unaccented  syllable  was  "la"  (given  as  the  Italian 
A,  but  it  immediately  became  the  neutral  vowel). 

In  general,  the  effect  of  "E"  was  to  produce  feelings  of  tension, 
and  as  a  long  vowel,  it  was  thought  to  take  decidedly  less  time 
than  either  O  or  00.  Some  of  the  subjects  tried  to  "put  force 
into  it,"  but  did  not  succeed ;  it  appeared  to  cause  restraint,  rather 
than  the  "expected  sense  of  outward  control."  All  of  the  subjects 
called  its  pitch  very  high  and  not  at  all  like  the  effect  of  most 
words  containing  long  E's.    It  also  appeared  to  be  more  modified 
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by  the  consonants  preceding  it  than  were  the  vowels  in  the  other 
previously  given  experiments. 

From  constructing  the  rank  lists  for  the  mean  of  the  tappings 
for  these  experiments,  one  sees  greater  variation  from  a  steady 
position  than  with  either  of  the  two  previously  given  groups 
of  experiments.    As  follows : 

Be-ni    A.  2    B.  3    C.  3    F.  2    L.  2    N.  3    T.  o    W.  2    Y.  o 

Ro-boo    5         6         8         8         2         5         3  3         o 

-be    10        III         8         9         3         7         9  3         o 

Should  we  ask  whether  the  change  in  the  rank  for  each  subject 
denotes  a  change  in  the  feeling  tone,  the  answer  is  doubtfully 
given  either  way.  Y.  found  all  these  experiments  pleasant,  and 
keeps  the  same  rank,  but  this  subject's  tappings  are  way  lower 
in  length  than  any  of  the  other  subjects'.  W.,  who  finds  the 
last  nine  of  these  experiments  pleasant  and  who  varies  very  little 
in  his  position  in  the  ranks,  may  be  said  to  be  fairly  constant, 
but  subject  B.,  who  also  found  the  last  nine  experiments  pleasant, 
varies  his  position  in  the  ranks  more  than  any  of  the  other 
subjects  (11  points).  L.,  who  is  quite  steady,  varies  his  posi- 
tion even  when  he  finds  consecutive  experiments  are  equally  pleas- 
ant or  otherwise;  while  N.,  who  finds  the  first  eight  experiments 
pleasant  varies  most  during  the  first  part  of  the  rank  list. 

Let  us  examine  once  more  the  averages  of  the  tappings  with 
reference  to  feelings  of  activity,  hindrance  and  the  like.  A.  felt 
a  strain  while  reciting  -fe,  and  his  average  is  low;  -ke  and  -le, 
which  were  felt  to  be  active,  show  high  averages.  C.  found  -ne 
more  energetic  than  -le,  but  tapped  shorter  strokes  for  it ;  -ge  he 
found  to  be  "powerful,"  and  his  average  tapping  is  the  highest 
for  this  sound.  But  -che  is  also  quite  active,  and  yet  the  average 
of  the  tappings  is  low.  He  thought  he  was  tapping  very  long 
strokes  for  -the,  but  he  was  mistaken.  F.  began  to  feel  strain 
sensations  with  the  recitation  of  -ne,  and  from  this  point  on  he 
taps  longer  strokes;  he  called  -ke  less  free  than  -le,  and  taps 
longer  strokes  for  the  latter  sound.  When  L.  found  -ke  a  "hard" 
sound,  his  tappings  were  lower.  Usually,  the  more  "harmonious 
states  of  mind"  brought  the  lowest  averages  for  N.'s  tappings. 
But  when  W.  felt  the  freest,  his  tappings  were  the  longest.    Sub- 
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jects  A.,  F.,  N.  and  possibly  W.  seem  to  be  keeping  quite  constant ; 
they  tap  the  longest  strokes  in  the  freely  active  states,  and 
vice  versa. 

Correlation  between  feeling-tone  and  motor-discharge,  with  respect  to  the 
mean  of  all  the  experiments,  grouped  under  the  three  d^;rees  of  affect,  P.,  U., 
and  N. 

Experiments :  -be -ge. 

Subjects  PI.  U  N 

A 85.0  81.3  85.0  P  N  U 

B 83.0  —  ^4  N  P 

C 93.1  85.6  86.6  U  P  N 

F. 81.5  77.0  —  P  U 

L 68.3  74^  65.5  UPN 

N 88.5  —  90^  NP 

T 79.3  76j2  78.0  P  N  U 

W 94.8  91-8  —  PU 

Y    Sa8  —  — 

Comparing  this  with  the  correlations  for  the  -boo  experiments, 
we  find  F.,  L.,  T.  and  W.  somewhat  similar  in  their  preferences, 
but  the  other  subjects  vary  exceedingly.  L.,  indeed  is  the  only 
one  giving  three  judgments  who  duplicates  himself. 

Of  all  the  subjects,  Y.  appears  the  most  constant  all  the  way 
through.  N.'s  ranges  rank  fairly  steadily,  but  the  Mean  is  not 
constant.  W.  and  L.  represent  the  best  averages,  after  Y.  C, 
who  varies  much  in  the  F.T.  as  the  experiments  proceed,  also 
varies  much  in  these  rank  lists,  but  other  subjects  do  not  correlate 
in  the  same  way. 

Correlation  between  feeling  tone  and  the  averages  of  aU  the  M.V.'t  and 
Rnj.'s  for  the  various  experiments  (together  with  the  previously  given  data 
for  the  Mean). 

Experiments :  -be -ge. 

Subjects  Pleas.      Unpl.      Neut         (Mean)        P  N  U 

A.  M.V 4^  5.4  2.6  UPN 

Rnj 23  21  13  PUN 

N  P 

B.  M.V 4.1  —  3.0  P  N 

Rnj 48  —         II  PN 

UPN 

C.  M.V 3.9  27  2.3  PUN 

Rnj 21  19  20  PNU 

PU 

F.  M.V 3.9  3^         —  P  U 

Rnj 16  18  —  UP 

UPM 

'^  M.V 34  3.7  4.8  N  U  P 

Rnj 15  16  18  NUP 
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N.  M.V 2.3  2A  —  P  N 

Rnj 21  II  —  PN 

P  N  U 

T.  M.V 4^  3.4  4.6  N  P  U 

Rnj 21  14  16  P  N  U 

P  U 

T  *    •     XvXa    V«  •••••••••••••••••••  V*  W*W  ^^ 

Rnj 2Z  21  —  P  U 


Y.  M.V 2.8 

Rnj 14 


Here  W.  alone  remains  constant.  All  the  rest  vary  almost 
as  much  as  is  possible  with  three  permutable  terms. 

Something  must  be  said  now  in  regard  to  the  last  two  sets 
of  experiments  in  point  of  constancy  in  tapping  during  all  the 
pleasant,  unpleasant  and  neutral  states.  We  observe  that  the 
final  average  of  the  mean,  mean  variation  and  the  range  do  not 
adequately  represent  in  most  of  the  cases  the  general  results.  If 
one  studies  the  variations  from  these  averages,  he  will  see  that 
especially  in  the  "pleasant"  experiments,  there  is  almost  no 
confidence  to  be  put  in  these  figures  as  representative.  It  is  not 
so  much  so  in  the  case  of  the  "unpleasant"  experiments.  Space 
does  not  permit  a  full  review  of  this  interesting  point,  but  in 
general,  the  pleasant  states  have  more  varied  ways  of  represent- 
ing themselves  in  the  tapping  than  do  the  others.  The  subjects 
frequently  show  that  there  is  more  variation  from  the  mean  of 
the  "pleasant"  tappings  when  there  is  no  interruption  in  the 
affective  tone  as  the  list  precedes,  than  when  some  other  condi- 
tion is  manifest.  This  is  very  curious.  And  the  objections  that 
might  be  brought  against  any  such  method  of  experiment  seem 
now  to  have  plenty  of  reasons  for  their  existence.  Some  might 
say  that  there  should  have  been  more  careful  judgments  on  the 
degrees  of  pleasure,  to  obtain  a  more  accurate  correlation,  but  it 
was  deemed  a  very  arbitrary  matter  to  oblige  the  subjects  to  say 
"pleasure  i,  2,  or  3"  when  they  did  not  feel  such  a  diflFerence  to 
be  manifest. 

Our  next  interest  is  in  the  graphs  for  these  long  E  experiments. 
Ke,  -ne,  -ve,  -me,  and  -le  all  start  stronger  than  do  the  others, 
and  also  move  straight  across  the  page ;  while  the  others  ascend 
fairly  well  together,  but  end  in  different  degrees  of  strength. 
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The  "scatter"  of  the  first  group  of  these  graphs  is  greater  in 
the  second  and  third  groups  of  iambics, — ^that  of  the  others  (the 
-be,  -ge,  -the,  -che,  and  -fe)  is  prominent  only  in  the  last  two 
groups.  One  might  say  that  L,  M,  N,  and  V,  being  pleasant,  had 
here  shown  positive  correlation  between  pleasantness  and  motor 
discharge,  since  they  are  all  lower  than  those  of  the  most  unpleas- 
ant experiments,  those  employing  K,  G,  B,  and  TH,  but  -ke  is  in 
the  group  which  shows  the  less  motor  discharge.  Also  -che, 
which  everybody  found  pleasant,  is  next  to  the  very  topmost 
graph  of  the  lot,  which  means  that  its  average  is  to  be  placed  with 
the  other  pleasant  experiments.  Ranking  the  experiments  in  a 
descending  order  of  pleasantness,  below  which  are  the  final  aver- 
ages of  all  the  tappings,  it  can  be  shown,  that  with  the  exception 

Exp -che     -le       -nc      -me     -vc       -fc     -the       -kc      -ge      -be 

Av 8oj2     85.8     a2.8     $3-2     8(2X>     7^6     81.2     86.6*    784     784 

of  -ke*,  the  correlation  runs  positive  with  the  pleasantness.  As 
for  -ke,  it  was  chosen  as  indifferent  by  two  of  the  subjects.  But 
this  apparent  correlation  may  be  due  to  the  tapping  of  but  one 
subject,  W.,  who  gave  the  longer  tappings  to  the  pleasant  com- 
binations. 

The  next  experiments  to  be  tried  were  devised  with  a  view  of 
discovering  the  effect  of  the  "aw"  sound.  They  were  five  in 
number.  The  unaccented  syllable  was  De,  (long  E).  Aw  was 
preceded  by  these  consonants :  f ,  th,  t,  n,  and  g. 

Introspectively  it  proved  to  appear  pitched  very  low,  to  have 
a  tendency  to  become  nasal ;  not  very  musical,  but  arousing  more 
organic  stir  than  any  sound  previously  used. 

The  rank  list  for  the  Mean  of  these  experiments  is,  with  symbols  P,  U,  N 
indicating  the  feeling  tone,  as  follows : 

Experiment:  -faw  -thaw  -taw  -naw  -gaw 
Subject 

A d-P              c-U  c-P  c-P  c-P 

B f-P               d-U  f.P               f-P  h-P 

C g-P              g-U  c-P  h-U  i-N 

F c-N  e-P  e-P  d-U  c-N 

L.  b-P  b-U  b-P  b-U  b-N 

N h-P  h-P  g-P  g-P  f-P 

T c-P  f-P  d-P  e-N  d-N 

W i-\  i-U  h-P  i-P  g-N 

Y a-N  a-N  a-N  a-N  a-N 
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Notice  here  that  subject  Y.  would  hold  position  -a-  in  the 
ranks,  regardless  of  feeling  tone ;  and  that  L.,  whose  position  in 
the  ranks  is  -b-  in  these  experiments,  shows  here  lower  tapping 
averages  than  he  has  for  some  time.  It  is  hardly  possible  to 
make  any  statement  about  these  ranks,  except  to  say  that  the 
subjects  are  all  more  anchored  to  one  position  than  in  the  case 
of  either  thie  Ro-boo  or  the  La-be  experiments. 

In  regard  to  feelings  of  effort  and  activity,  C.  described  -naw 
as  requiring  effort,  but  the  average  for  this  experiment  is  almost 
the  lowest  of  the  series.  -Taw,  which  gave  a  feeling  of  activity, 
is  correspondingly  high,  but  -thaw,  which  affected  him  the  same 
way,  fails  to  show  in  these  averages ;  -f aw,  also  requiring  effort, 
is  parallel  in  effect  to  -naw.  The  other  subjects  do  not  furnish 
enough  examples  to  make  correlation  exact. 

Grouping  the  above  results  according  to  feeling  tone,  and 
taking  their  averages,  we  obtain : 

Subjects  P.  U.  N 

A 64.9  66.7  —  UP 

B 80.9  73.6  —  P  U 

C 88.6  85.3  97.8  N  P  U 

F.    76.4         71.3         70.5  PUN 

L 57.8         56.0         58.0  N  P  U 

N 86.6  —  —  

T 75,0  —         73.5  P  N  — 

W 90.6         97.1         ^-2  U  P  N 

Y 28.9  —  —  

which,  as  results  along  this  line,  are  not  paralUel  with  any  that 
have  been  obtained  before. 

The  rank  lists  for  the  M.V.  and  the  Rnj.  show  that  of  all  the 
subjects,  only  W.  and  Y.  keep  some  sort  of  anchorage  in  them; 
the  rest  vary  indiscriminately. 

Grouping  (and  averaging)  all  the  Means,  Mean-variations  and 
Ranges  according  to  feeling  tone,  we  obtain  the  following: 

(Order  of  greatest  to  least) 

Subject 

A.  M UP 

M.V UP 

Rnj P  U 
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B.  (asaboTc) PU 

PU 
PU 

C N  PU 

P  N  U 
P  N  U 

F.  PUN 

N  U  P 
N  PU 

L N  PU 

PUN 

N  PU 

N all  P 

T PN 

PN 
PN 

W U  PN 

PUN 
U  PN 

Y afl  N 

From  the  graphs  for  these  experiments  it  ai^iears  that  -gaw 
ascends  steadily ;  -ge,  in  the  preceding  series,  oa  the  other  hand* 
maintained  a  horizontal  position.  -Naw  and  -ne  are  likewise 
opposite  in  tendency,  indicating  some  comparison  in  r^;ard  to 
these  consonants.  But  -f aw  and  -fe  show  the  very  opposite  traits, 
as  well  as  do  -thaw  and  -the.  One  is  tempted  to  correlate  with 
the  articulation-character  of  these  consonants,  but  the  amount 
of  experimentation  is  as  yet  too  meager.  However,  one  tfaii^ 
more  may  be  noticed,  and  that  is  that  all  of  these  -aw  experi* 
ments  but  one,  namely  -naw,  show  in  their  final  averages  tfiat 
the  vowel  '"aw"  tends  to  swallow  up  the  consonants,  in  a  wsf 
that  the  vowel  "e"  never  did.  Time  did  not  permit  aiqr  furflMr 
experimentation  with  this  vowel  sound ;  furthermore,  it  is  not  a 
very  important  one  in  the  tables  of  sound  frequencies  for  FiigliA 
poetry.  For  equal  bulks  of  material,  nevertheless,  and  for  those 
''onsonants  which  were  used  alike  before  accented  -aw  and  -e^  it  is 
•ot  idle  to  point  to  these  results  as  showing  sometliing  quite 
significant  in  the  psycho-motor  eflFect  of  the  speech  elements  of 
'trv     ^ny  one  ^^n  *5ee  ^^^t  thr  "^hole  i"atte«'  ^«  one  of  9*«v»njr 
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complexity;  later  results  may  induce  some  sort  of  generalization 
of  a  specific  character,  but  whether  pro  or  con  the  matter  of 
vocal  valences,  cannot  be  foretold  at  this  time. 

Experiments  Upon  the  Four  Most  Used  Long 
Vowels  in  English  Poetry:  A,  E,  I,  O 

We  next  undertook  an  extended  study  of  the  psycho-motor 
effect  of  the  long  vowels  A,  O,  I  and  E.  Ten  subjects  took  part 
in  the  experiments. 

The  experimental  material  was  made  on  this  plan :  The  un- 
accented syllable  was  "la"  (neutral  vowel),  and  the  various 
consonants  were  prefixed  to  each  of  the  above  vowels  to  make 
such  combinations  as  "La-BA,"  'TLa-DA,"  'TLa-CHE,"  etc.. 
there  were  twenty-four  experiments  on  each  vowel,  which  at 
the  same  time  were  experiments  on  each  of  the  consonants  em- 
ployed ;  thus  we  had  four  experiments  in  which  the  consonant  B 
was  used,  and  so  on  for  all  the  series.  The  experiments  were  all 
given  to  each  of  the  subjects  in  the  same  order,  at  the  rate  of 
about  eight  or  ten  an  hour. 

The  last  two  experiments  in  each  series  of  twenty-four  are 
slightly  different  from  the  rest ;  in  the  tables  presented  later  they 
are  called  A,  A2,  O,  O2,  etc.  The  twenty-third  experiment  in 
each  series,  A,  D,  I,  E,  consisted  simply  in  reciting  the  open 
vowel  five  times  in  a  group  and  for  five  groups,  filling  in  the 
unaccented  syllable  subjectively.  Experiment  number  twenty- 
four  in  each  group  is  a  line  of  verse  in  which  all  the  accented 
vowels  are  the  same,  thus :  A2  is  the  line,  "The  gray  and  rainy 
April  makes  the  May."  O2  is  "The  homeless  ocean  moaning  o'er 
the  shoal" ;  I2  is,  "The  dying  fire  lights  the  silent  sky,"  and  E2 
is  "And  dreaming  seem  to  hear  the  weary  sea."  No  such  lines 
exist  in  poetry,  but  they  served  the  purpose  in  hand. 

It  was  found  by  introspection  that  the  characteristic  thing 
about  the  long  A  was  its  "flat  and  uninteresting"  quality.  It  was 
by  no  means  energetic,  and  when  liked,  it  was  termed  "soft  and 
quiet" ;  vocally  it  was  felt  to  be  directed  downwards  rather  than 
upwards.  As  far  as  the  vowel-vanish  is  concerned,  it  was  so 
little  noticed  by  the  subjects  that  we  need  not  mention  it;  of  course 
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the  repetition  of  the  same  iambic  foot  brought  it  so  closely  into 
contact  with  L  in  the  unaccented  syllable,  as  almost  to  nullify  the 
effect  of  the  vanish. 

One  rather  remarkable  thing  was  noticed  in  the  numerical  re- 
sults for  the  A2  experiments:  The  mean  of  the  tappings  for 
every  subject  in  this  experiment  drops  below  what  it  was  for 
the  previous  experiment,  A;  with  most  of  the  subjects,  also,  it 
is  lower  than  their  average  for  all  the  other  A  experiments.  Thus 
an  influx  of  consonants,  to  say  nothing  of  meanings,  tended  to 
reduce  the  lengths  of  the  tappings.  Changes  in  the  apperceptive 
consciousness  appear  to  induce  changes  in  the  motor  setting. 

O,  from  the  introspection  given  upon  the  experiments  concerned 
with  this  vowel,  was  more  easily  said  than  A,  directed  from  the 
mouth  more  horizontally,  more  of  an  object  of  the  esthetic  con- 
sciousness, and  more  associated  with  the  wind  and  water  sounds 
of  nature  than  the  preceding  one.  Consciousness  liad  more  play 
with  regard  to  O  than  A, — one  could  inspect  the  fringes  and 
return  to  the  focus,  or  maintain  disparate  foci  quite  easily  during 
its  recitation. 

The  character  of  the  long  I  was  found  to  be  considerably  more 
intense  and  forceful  than  that  of  A  or  O.  Also  the  diphthongal 
character  was  very  poorly  concealed  under  the  constant  recur- 
rence of  the  unaccented  consonant.  But  I  is  a  true  diphthong 
and  the  introspection  thus  faithfully  gives  a  prominent  place  both 
to  the  E-vanish  and  to  the  Italian  A  with  which  it  begins.  Its 
pitch  seemed  at  once  higher,  its  utterance  less  smooth,  and  the 
mouth  movement  more  conscious  than  that  of  the  preceding 
vowels;  the  drop  and  lift  of  the  lower  jaw  was  ever  consciously 
prominent.  It  was  frequently  remarked  that  this  vowel  had  very 
little  connection  with  feelings  of  personality;  the  labial  conso- 
nants had  very  much  more  to  do  with  one's  self  than  did  the  other 
consonants,  and  all  felt  much  more  intimate  than  did  any  of  the 
/owels. 

K  was  the  most  intense  of  all  the  vowels,  feelings  of  strain  at 
oiiOe  appearing;  but  it  was  also  more  easily  controlled  by  the 
miisr^^s  of  tVie  vocal  apparatu^i  than  was  I     Not  ^o  resonant"  x^ 
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the  O,  but  it  had  far  more  "color''  than  the  A.  Reference  was 
always  external,  the  word  "he''  appearing  to  be  thoroughly  ono- 
matopoetic.  The  tense  condition  of  the  mouth  during  its  utter- 
ance often  gave  a  feeling  of  weariness,  as  the  position  of  the 
cheeks,  lips  and  jaws  is  more  rigid  than  in  the  case  of  the  other 
vowels  experimented  upon. 

If  one  should  ask  how  these  four  vowels  stand  in  the  order 
of  pleasantness,  the  answer  is  that  O  was  chosen  pleasant  126 
times  out  of  240  judgments,  I  123,  E  120,  and  A  119  times.  The 
consonants  were  preferred  in  the  following  order:  R  (28  out 
of  forty  judgments),  L  27,  N  27,  V  25,  M  24,  B  24,  D  23,  Z  22, 
Ch  21,  F  20,  P  19,  W  19,  J  18  K  18,  S  18,  T  18,  Th  17,  St  17, 
H  15,  Q  15,  G  14,  and  Sh  12.  One  is  referred  in  this  connection 
to  an  article  in  the  American  Journal  of  Psychology,  191 2,  by 
Louise  Roblee  and  M.  F.  Washburn,  on  the  "Affective  Values  of 
Articulate  Soimds,"  in  which  quite  similar  results  are  brought 
forth;  the  judgments  of  pleasure  and  displeasure  were  in  general 
confined  to  the  final  consonants  and  vowels,  and  many  more 
sounds  were  used  by  these  experimenters  than  we  have  employed 
in  the  above  experiments.  But  that  S  and  I  are  quite  netural  in 
character,  as  the  above-mentioned  article  indicates,  we  have  not 
found  to  be  the  case  in  our  own  work.  I  was  very  insistent,  and 
S  became  the  basis  for  more  unpleasant  judgments  in  the  trans- 
mogrifications than  any  other  single  sound  in  the  language. 

If  we  compare  the  consonants  in  the  order  of  their  pleasantness 
with  their  order  of  frequency,  as  given  in  the  introductory  para- 
graphs, it  will  be  seen  that  the  two  orders  do  not  entirely  corre- 
spond ;  nevertheless,  it  is  plain  that  the  pleasanter  of  the  sounds, 
as  found  in  the  brief  sampling  of  the  consonants,  are  those  which 
occupy  the  positions  of  higher  frequency;  had  all  of  the  con- 
sonants been  combined  with  all  the  vowels,  the  discrepancies 
might  have  been  less.  Three  factors  seem  to  militate  against 
pleasantness  in  the  pronunciation  of  a  consonant:  breathiness, 
vigorous  movement  of  the  lips,  and  the  employment  of  the  ends 
of  the  tongue  in  articulation. 

A  correlation  between  feeling  tone  and  motor  discharge  was 
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found  in  the  following  way:  If  one  arranges  the  averages  of 
all  the  tappings  for  each  of  the  experiments  upon  any  one  of  the 
vowels  in  the  descending  order  of  motor  output,  and  places 
side  by  side  the  same  twenty-four  experiments  arranged  in  the 
ascending  or  descending  order  of  pleasantness,  it  will  be  seen 
that  in  the  case  of  the  A-experiments  that  the  more  unpleasant 
were  correlated  with  the  greater  expenditure  of  motor  energy 
and  vice  versa.  So  with  the  other  three  vowels,  the  O,  I,  and  E. 
This  is  exactly  in  line  with  what  was  found  in  the  case  of  most 
of  the  earlier  experiments  in  this  investigation.  Differences  in 
one  to  one  correspondence  appear,  however  in  the  case  of  each 
of  these  vowels:  with  the  long  A,  there  are  seven  such  corre- 
spondences ;  with  O,  there  are  eleven ;  with  I,  but  two,  and  with 
E,  five.  The  average  displacement  for  the  others  is  with  the  A, 
nearly  nine  points;  with  O,  eleven;  with  I,  eight;  and  with  E, 
nine.  It  was  also  to  be  learned  that  the  explosive  consonants 
aroused  the  motor  consciousness  more  than  the  softer  and  more 
liquid  sounds.  Besides,  those  sounds  requiring  the  more  facial 
movement  while  uttering  them  arouse  the  more  general  somatic 
activity. 

Differences  in  the  time  taken  to  recite  these  experiments  were 
not  to  be  correlated  with  either  of  the  above  factors  of  affection 
or  motor  output;  it  is  true  that  the  more  explosive  sounds  tend 
to  be  said  very  quickly,  perhaps  indeed,  because  many  of  the 
subjects  tried  to  say  them  quickly  to  get  done  with  them.  But 
the  liquids  also  went  quickly,  because  they  blended  well  together 
in  the  combinations, — indeed  the  whole  line  of  five  iambics  often 
went  like  one  ten-syllable  foot,  according  to  the  introspective 
report. 

As  typical  of  the  numerical  results  of  these  simj^e  vowel  and 
consonant  experiments  we  next  present  the  averages  of  the  tap^ 
pings  by  each  subject  together  with  the  mean  variation  and  the 
range,  and  also  the  rank  lists  for  the  above  results  in  the  caae 
of  the  long  O  experiments.  It  will  be  noticed  that  most  of  the 
subjects  change  their  position  in  these  rank  lists  quite  frequently: 
this  will  not  mean  that  there  was  a  corresponding  change  in  feel- 
ing  tone,  but  only  in  motor  settings  and  motor  arousal.    With  the 
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vowel,  O,  however,  less  variations  from  average  position  occurred 
in  the  case  of  each  subject.  The  character  of  O  from  the  intro- 
spective report  is  an  interesting  corollary  to  this  fact:  O  was 
the  most  pleasant  of  the  four  vowels,  and  the  play  of  conscious- 
ness about  it  was  greatest  on  the  side  of  introspection,  but  appar- 
ently not  as  regards  the  motory  end  of  the  matter. 

The  mean  of  the  tappings  for  the  long  O  experiments  follows : 

Subject  -Bo 

A 86.2 

B 94.8 

C 1 10.0 

D 90.2 

F 902 

K    41.6 

L.    77.6 

M 89.2 

P 126.5 

S IQ3.7 

-Ko 

A 6&1 

B 89.5 

C 103.2 

D 92.7 

F 94.8 

K 43.9 

L 71.8 

M 91.5 

P 116.1 

S 108.3 

-Ro 

A 81.2 

B 95-0 

C 109.0 

D 94.4 

F 86.6 

K 67.5 

L 68.0 

M 98.9 

P 117.3 

S 1 1 1.9 

-Cho 

A 84.5 

B 774 

C 105.9 

D 93.3 

F 96.8 

K 44.5 

L 74.1 

M 96.3 

P 117.8 

S 1 174 


-Do 

-Fo 

-Go 

-Ho 

-Jo 

85.3 

92.4 

90.5 

88.2 

80.7 

93.6 

79.7 

81.6 

81.3 

80.8 

106.3 

105. 1 

105.6 

105.1 

104.5 

84.6 

884 

83.2 

93.9 

81.2 

96.8 

96.7 

92.6 

92.2 

93.8 

47.6 

51.6 

53.4 

54.5 

44.7 

79.0 

714 

62.1 

62.5 

67.5 

91.2 

91.5 

91.5 

90.3 

95.0 

125.2 

1 154 

120.8 

1204 

1 17.6 

1024 

98^ 

105.8 

108.0 

109.8 

-Lo 

-Mo 

-No 

-Po 

-Qo 

80.5 

79.7 

65.0 

91.3 

88.6 

64.6 

84.1 

92.7 

88.7 

834 

99.6 

101.7 

111.5 

107.1 

III. I 

101.5 

97.8 

96.6 

98.5 

90.7 

87.8 

90.6 

89.5 

82.2 

90J2 

35.9 

30.I' 

25.2 

44.0 

37.3 

70.9 

65.3 

66,0 

72.2 

67.5 

93.7 

94.0 

90.7 

92J2 

(^0 

1 17.8 

"54 

121. 0 

124. 1 

127.8 

104.5 

108.5 

112.2 

1074 

107.6 

-So 

-To 

-Vo 

-Wo 

-Zo 

84.2 

83.3 

88.1 

83.7 

87.1 

91.6 

91.1 

89.3 

95.0 

91.8 

109.6 

105.2 

1014 

102.8 

106.8 

88.0 

91.2 

95.9 

96.3 

96.0 

88.9 

874 

85.7 

79.8 

83.2 

55.7 

Z7'2 

42.1 

44.9 

42.8 

72X) 

74.9 

774 

63.8 

74.0 

88^ 

92.8 

90.8 

90.7 

91.7 

122.2 

1 18.4 

.124.4 

124.8 

1254 

1044 

1 10.7 

1 13.2 

1 13-6 

113.7 

-Sho 

-Sto 

-Tho 

-0- 

-02- 

75.1 

86.1 

75.8 

75.0 

74.6 

81.8 

86.4 

92.6 

82.7 

IOI.4 

107.5 

105.5 

100.2 

106.7 

974 

93.7 

93.5 

94.7 

102.0 

101.8 

97^ 

93.8 

84.8 

93.8 

95.2 

49.2 

31. 1 

39.8 

53.8 

45.7 

70.0 

78.8 

73.1 

58.3 

71.8 

94.0 

1034 

96.0 

974 

954 

1 18.9 

122.7 

1254 

121. 1 

124.2 

1 18.5 

1 18.0 

1 1 5.5 

I2a5 

125.6 

3^ 


ROBERT  CHENAULT  GIVLER 


Subject 

A 

B 

C 

D 

F 

K 

L 

M 

P 

S 

Subject 

A 

B 

C 

D 

F 

K 

L. 

M 

P 

S 


Subject 
A.    .... 


The  rank  list  for  the  Mean:  La-Bo,  etc. 
B        D 


c 

g 
i 

e 

f 

a 

b 

d 

■ 

h 

R 

c 
f 
h 
e 
d 
a 
b 

g 

J 

1 


e 
f 
1 
d 

g 
a 

b 

c 

J 
h 


c 

g 
1 

d 

f 

a 

b 

e 

J 
h 


B. 

C. 

D. 

F. 

K. 

L. 

M. 

P. 


Subject 

A 

B 

C 

D 

F 

K. 

L 

M 

P 

^    

Subject 

A 

B 

•    •  ■  •  •  • 

c 

u  

^. 

y 


F 

G 

H 

J 

K 

L 

M 

N       P 

Q 

f 

e 

d 

c 

b 

d 

c 

b       e 

d 

c 

c 

c 

d 

d 

c 

d 

f       d 

c 

• 

1 

h 

h 

h 

h 

g 

h 

h       h 

• 

1 

d 

d 

g 

e 

f 

h 

g 

g       g 

1 

g 

g 

f 

f 

g 

e 

e 

d       c 

e 

a 

a 

a 

a 

a 

a 

a 

a       a 

a 

b 

b 

b 

b 

c 

b 

b 

c       b 

b 

e 

f 

e 

g 

e 

f 

f 

e        f 

s 

J 

J 

J 

J 

J 

J 

J 

J        J 

J 

h 

• 

1 

• 

1 

• 

1 

• 

1 

• 

1 

■ 

1 

•                 • 

1        1 

h 

T 

V 

W 

Z 

CH 

SH 

ST    TH     0 

O2 

c 

d 

d 

d 

d 

c 

c 

c       c 

c 

€ 

€ 

f 

f 

c 

d 

d 

e       d 

f 

h 

h 

h 

h 

h 

h 

h 

h       h 

f 

g 

g 

g 

e 

e 

e 

f       g 

h 

d 

c 

c 

c 

g 

g 

d 

d       e 

d 

a 

a 

a 

a 

a 

a 

a 

a       a 

a 

h 

b 

b 

b 

b 

b 

b 

b       b 

b 

g 

• 

f 

• 

e 

• 

e 

• 

f 

• 

f 

• 

? 

?     ! 

e 

• 

J 

• 

i 

i 

J 

• 

J 

• 

J 

i 

i    } 

1 

• 

1 

1 

1 

1 

1 

1 

1 

1        1 

) 

ions 

for  these  experiments 

;:  La-Bo,  etc. 

Bo 

Do 

Fo 

Go 

Ho 

Jo 

Ko 

Lo 

4.2 

7.1 

37 

5.0 

3.5* 

^'t 

67 

zS 

4.6 

3,2 

3.1 

3.I' 

3.8 

4-8 

7^ 

tl 

37 

24 

2jI 

24 

3.1 

3.3 

2,7 

2.1 

5.6 

2.6 

5.2 

1.8 

5.0 

23 

2:2 

3.8 

33 

3.0 

3.3 

5.6 

4.3 

34 

u 

4.1 

4.9 

4.2 

3.4 

4.1 

4.0 

2.9 

2.8 

2.5 

4.1 

4.8 

5.5 

4.5 

5.6 

*8 

3.0 

1.6 

2.8 

2.2 

2.3 

24 

a 

u 

1.9 

2.1 

5.0 

3.0 

2^ 

34 

Mo 

No 

Po 

Qo 

Ro 

So 

To 

Vo 

33 

4.0 

2.8 

4.9 

57 

^•i 

4^ 

M 

49 

4.3 

7^ 

5.2 

4.5 

5^ 

S.I 

7JO 

3.1 

2.8 

3.2 

2.9 

2.8 

3.3 

3^ 

34 

M 

2.2 

2.9 

3-2 

2.5 

3.6 

i^ 

3« 

32 

3.8 

6.2 

3.9 

3.6 

3.6 

3^ 

Sj6 

44 

37 

3.8 

4.8 

5.6 

4.3 

1-4 

» 

35 

4.I' 

2.3 

4.1 

2.7 

3.1 

6x> 

2.4 

4.2 

3.3 

4.0 

2Jb 

2.9 

34 

4^ 

3.8 

37 

5.9 

2.S 

1.8 

a 

2.5 

2^ 

2.6 

17 

4.0 

2.6 

2.2 

4.1 

^ 

^o 

Zo 

Cho 

Sho 

Sto 

Tho 

0 

Oa 

4.1 

4.1 

5.4 

7-1 

5.2 

H 

4^ 

4^ 

4.8 

5.0 

4.1 

5.5 

6.0 

5.8 

4.1 

i 

2.7 

3.7 

3.0 

3.3 

2.5 

2.2 

3^ 

2.8 

3.9 

2.1 

1.6 

2.6 

3.5 

i^ 

3.0 

4.0 

3.2 

2.7 

2.9 

4.7 

IJ9 

4.2 

5.8 

5.9 

3.-' 

4.7 

5.2 

4-r 

3"- 

4.3 

4.3 

4.8 

5.<. 

4.5 

54 

5.: 

t 
^ 

2.6 

32 

3.6 

3.9 

>.8 

5.5 

«.' 

^ 

t '. 

i.^ 

2.0 

^'i 

.9 

[.^ 

J 

1 

-^ji 

1* 

i.T 

4  ^ 

i 
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The  rank  list  for  these  mean  variations:  La-Bo,  etc. 

Subject BDFGHJKLMN 

A h       j        g       i  f  e  h  b        f        g 

B i        e        e        e  g  i  i  h        j        j 

C e       c       a        b  e  c  b  c        d       c 

D b       i        b        j  a  j  c  a        a       b 

F f        f        d        f  i  g  f  j        e       f 

K. g        h        i        g  h  f  e  i        i        e 

L c        d        h        h  i  h  j  f        g        h 

M d       a       c        a  c  b  a  d       b       i 

P a       b       i        c  b  d  g  e       h        d 

S i        g       f        d  d  a  d  g       c        a 

Subject                    R       S       T      V  W  Z  CH  SH    ST    TH 

A j        d        g       i  g  g  j  i        i        g 

B h        j        h       j  j  h  h  j        g        i 

C f        e        c       a  c  c  f  a       c        d 

D c        f        a       f  d  b  a  b       b       e 

F g       g       e       d  e  f  b  e       d       f 

K. i        h        i        h  h  j  e  h       j        j 

L e       c       j        e  i  i  i  g       h       h 

M dbdgbegdfc 

P a       a       b       b  a  a  c  c       a       a 

S b       i        f        c  f  d  d  £        e       b 

The  rank  list  for  the  ranges:  La-Bo,  etc. 

Subject                                        Bo  Do  Fo  Go  Ho      Jo 

A 20  32  21  26  16        16 

B 24  14  18  16  17       20 

C 18  15  9  14  15        17 

D H  28  12  30  12       22 

F 18  18  IQ  22  23        18 

K 18  22  16  19  18       2Z 

L.    15  13  19  20  21        119 

M 14  9  13  10  10        II 

P 8  10  20  12  II        21 

S 19  22  24  18  20         8 

Subject                                        Mo  No  Po  Qo  Ro      So 

A 23  23  15  23  22        15 

B 30  21  26  28  23       24 

C ir  15  14  15  HI       23 

D 9  12  13  16  13       17 

F 24  19  28  17  24       113 

K 2r  20  19  29  20       25 

L 18  16  21  24  14        18 

M 12  22  16  21.  21'        12 

P 19  f8  30  IT  12       21 

S 10  9  2f7  22  9        16 

Subject                                         Wo  Zo  Cho  Sho  Sto    Tho 

A 25  20  19  31  25        19 

B 32  21.  23  25  30       30 

C 19  15  13  13  'II        II 

D 13  12  III  7  15        17 

F IB  18  15  17  20       24 

K.    28  28  26  12  18       22 

L 22  16  21  37  22        18 

M 14  17  18  19  21        23 

P 18  7  9  18  19         7 

S 20  14  14  II  24       33 


p 

Q 

b 

• 

1 

J 

J 

d 

c 

c 

d 

1 

e 

f 

h 

a 

g 

e 

f 

h 

a 

g 

b 

0 

O2 

d 

h 

J 

g 

b 

e 

c 

a 

f 

b 

g 

1 

h 

J 

• 

1 

d 

a 

c 

e 

f 

Ko 

Lo 

35 

12 

27 

25 

16 

14 

20 

II 

21 

28 

29 

21 

25 

17 

16 

16 

12 

22 

IS 

26 

To 

Vo 

29 

25 

39 

28 

17 

14 

12 

19 

20 

18 

25 

27 

27 

22 

22 

20 

14 

17 

18 

12 

0 

O2 

21 

22 

18 

26 

17 

12 

7 

10 

ir 

17 

21 

2Z 

27 

18 

19 

21 

16 

II 

20 

20 

34  ROBERT  CHENAULT  GIVLER 

The  rank  list  for  the  ranges:     La-Bo,  etc. 

Subject  BDFGHJKLMNPQ 

A i        j        i        i        e       c  .     j        b       h       j        c  g 

B j        d       f       d       f       g       h       h       j        h       g  I 

C e       e       a       c       d       d        d       c       c        c       b  b 

D b       i        b       j        c        i        e       a       a       b       a  c 

F ffdhjefjifid 

K. g       h       e       f        g       j        i        f        g       g       e  j 

L. dcggi        fgeedf  h 

M c       a       c       a       a       b       c       d       d       i        d  e 

P a       b       h       b       b       h       a       g       f        e       j  a 

S h       g       j        e       h       a       b       i        a       a       h  f 


Subject  R       S       TVWZCHSHSTTHOO2 

A h       c       i        h       h       h       g       i        i        e       i        h 

B i        i        j        j        j        i        i        h        j        i        e        j 

C b       h       c       b       e       d       c       d       a       b       d        c 

D d       e       a       e       b       b       b       a       b       c       a        a 

F. j        b       e       d       a       g       e       e       e       h       b        d 

K fjgiijjccfhi 

L e       f       h       g       g       e       h        j        g       d       j         c 

M gaffcffgfgfff 

P. c       g       b       c       d       a       a       f       d       a       c        b 

S addafcdbhjgf 

In  measuring  the  ranges,  it  often  happened  that  two  or  three 
subjects  could  have  had  the  same  position;  re-measuring,  how- 
ever, or  alloting  to  the  subjects  that  position  which  they  had 
previously  tended  to  maintain,  obviated  the  difficulty;  for  ex- 
ample, where  subjects  A.  and  B.  were  equally  set  for  the  position 
C  in  the  rank  lists,  but  had  previously  maintained  positions  B  and 
C  respectively,  we  assigned  to  them  positions  B  and  C,  in  order 
both  to  have  ten  positions,  and  to  g^ve  each  of  them  the  benefit 
of  the  doubt.  With  differences  of  tenths  of  a  millimeter  as 
the  basis  for  many  of  the  correlations,  it  was  not  always  easy 
to  determine  the  exact  status  of  affairs  for  any  one  subject  with 
respect  to  another  better  than  by  the  above  method. 

If  one  is  again  asked  what  changes  of  position  in  the  rank 
list  for  the  Mean  denote,  or  even  what  changes  in  the  average 
of  the  tappings  denote,  we  are  somewhat  at  loss  to  give  a  fully 
satisfactory  answer;  it  is  not  due  to  a  change  in  feeling  tone 
so  much  as  it  is  due  to  various  manifestations  of  the  motor  con- 
sciousness during  the  continuance  of  the  same  feeling  state. 
As  was  previously  noticed  in  the  first  year's  work,  it  is  usually 
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quite  a  while  after  the  onset  of  a  new  feeling  state,  that  a  change 
takes  place  in  the  motor  manifestations.  And  insofar  as  we 
correlate  with  the  introspective  report  as  a  basis,  we  find  that 
the  mean  variation  of  the  tappings  made  during  pleasant  states 
is  greater  than  the  mean  variation  of  the  tappings  made  during 
unpleasant  or  neutral  states;  thus  pleasure  is  manifested,  at 
least  in  this  experiment,  by.  more  varied  expressive  means  than 
are  the  other  affective  states  of  consciousness.  The  introspection 
in  connection  with  the  pleasant  experiments  is  richer,  the  asso- 
ciative functions  are  more  operative,  and  the  general  bodily 
and  mental  condition  is  more  indicative  of  ever  new  and  varied 
manifestations  in  those  states  in  which  fine  esthetic  feelings  are 
present  than  in  those  which  appear  to  indicate  the  presence  of 
cloggings,  inhibitions  and  mutually  antagonistic  impulses. 

Graphing  these  experiments  revealed  the  following  characteris- 
tic differences  between  the  vowels : 

The  ascending  order  of  motor  output  followed  the  series  as 
presented,  A,  O,  I  and  E,  This  may,  however,  be  due  to  practise 
alone.  But  within  any  group  of  experiments  other  differences 
are  quite  significant,  especially  if  compared  with  the  introspec- 
tion as  given  above;  the  O-g^aphs  showed  the  least  scatter,  the 
E  and  I  the  most.  E  and  I  also  march  straight  across  the  page, 
while  A  shows  an  "Anregung"  incessantly  throughout  the  series. 
E  and  I  are  also  spoken  in  a  shorter  time  than  are  O  and  A,  and 
besides,  the  O-graphs  are  all  indicative  of  the  fact  that  this 
vowel  was  spoken  in  more  nearly  the  same  time  even  though 
preceded  by  the  various  consonants  than  were  the  E  and  I. 
Here,  in  the  case  of  O,  steadiness  of  motor  discharge,  as  evi- 
denced by  the  fact  that  the  vowel  tends  to  swallow  the  consonants 
which  precede  it,  is  correlated  with  steadiness  and  evenness  of  in- 
trospectional  content  and  attitude;  with  E  and  I,  on  the  other 
hand,  the  exact  opposite  is  the  case.  The  number  of  factors 
involved  is  many,  and  the  final  result  may  perhaps  be  tentatively 
stated  as  follows:  Quickness  of  utterance  is  correlated  with 
greater  motor  output ;  strain  in  the  vocal  apparatus  with  uneven- 
ness  of  motor  output;  ease  with  which  the  vowel  is  spoken 
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dominating  the  strain-effect  of  the  consonants;  and  a  negative 
correlation  between  unevenness  (though  unfelt)  in  the  motor 
output,  and  also  amount  of  such  output  and  the  pleasantness  as 
aroused  in  the  introspectional  conscious  content 

From  a  different  graphing  of  these  experiments,  four  in  a 
group,  on  the  basis  of  consonants  preceding  the  vowels,  where 
in  each  group  of  four  drawings,  one  finds  those  graphs  together 
which  show  the  differences  between  the  four  vowels  under  the 
influence  of  the  same  initial  accented  consonant,  we  found  that 
in  nearly  all  the  cases  the  A  graph  is  the  lowest,  frequently  very 
much  the  lowest,  while  again,  the  O,  E,  and  I  graphs  exchange 
positions  of  height  and  extent  to  some  considerable  d^ree.  But 
this  is  quite  natural, — if  the  O  had  been  by  far  the  pleasantest 
vowel,  or  the  R  by  far  the  pleasantest  consonant,  we  might  have 
expected  the  R  and  O  graphs  to  appear  unique  and  different 
from  the  others,  but  the  vowels  are  almost  equally  pleasant,  a 
difference  of  but  seven  judgments  of  agjeeability  separating  the 
O  and  the  A  (the  extremes),  and  the  consonants  grade  very 
gently  from  the  most  to  the  least  agreeable.  So  it  is  perhaps 
correct  to  say  that  the  different  graphs  represent  the  matter  not 
so  much  from  the  vowel  side  as  from  the  consonant  side  when 
we  compare  the  g^phs  for  any  one  vowel  together  but  that 
comparing  one  of  these  large  groups  with  another,  we  have  vowel 
differences  rather  than  consonant  differences  before  us. 

The  introspection  revealed  the  fact  that  entirely  different  states 
of  mind  were  aroused  according  to  changes  in  the  direction  of 
the  attention;  instructions  were  given  to  neglect  the  physical 
sensations  and  to  think  of  the  sounds  as  much  as  possible,  in 
order  to  have  constant  conditions  for  all  the  subjects.  But  this 
Hoes  not  seem  to  have  worked  very  satisfactorily  in  many  of  the 
ibove  cases;  frequently,  indeed,  mixed  feelings  were  reported; 
the  subjects  would  say:  "The  sounds  are  not  unpleasant,  but  I 
lo  not  like  to  say  them" ;  or,  "The  sounds  as  heard  are  all  rig^ 
>ut  the  everlasting  mouth  movement  is  exceedingly  hard  to  keep 
jut  of  the  focus  of  consciousness."  Absolute  restraint  was  im- 
^-^ocqihi^  •  it  -^royiH  tUo  have  bee"  niii<"e  unwise,  for  we  w<*r^  sf^idy^ 
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ing  the  motor  as  well  as  the  introspective  consciousness  and 
to  find  out  just  what  happened  in  apparent  conflicts  between  the 
two,  esj^ecially  on  the  side  of  the  affections,  was  considered  just  as 
valuable  as  anything  else.  It  was  thought  better  to  let  things 
take  pretty  much  their  own  course  in  the  matter  rather  than  to 
be  too  severely  restrictive.  But  that  the  introspection  was  not 
universally  given  on  the  same  elements  in  consciousness  is  at  once 
evident;  whether  it  could  be,  whether  one  can  abstract  one  ele- 
ment and  keep  it  abstracted  throughout  the  series  is  very  doubt- 
ful indeed.  And  yet,  when  we  compare  the  amounts  of  motor 
discharge  for  the  different  subjects,  the  question  comes  up: 
"What  was  it  that  was  called  pleasant  or  unpleasant  ?"  Well,  the 
only  thing  to  say  is  that  the  whole  experience  extended  toward  this 
or  that  type  of  affective  tone,  and  that  is  about  all  that  can  be  said. 
And  if  that  is  insufficient,  then  some  other  method  must  be  de- 
vised to  experiment  upon  these  simple  vowel  and  consonant 
combinations  than  we  have  employed.  One  will  also  notice  that 
the  subjects  talked  about  some  of  the  combinations  having  a 
higher  pitch  than  others, — unless  the  pitch  was  changed,  sub- 
consciously, of  course,  to  relieve  the  uniformity,  this  is  quite 
incomprehensible;  surely  the  vowel  A  does  not  take  a  different 
pitch  in  connection  with  some  of  the  consonants  than  it  does  with 
the  others,  and  if  it  seemed  to,  it  is  not  unlikely  that  this  was 
an  illusion  due  to  the  greater  intensity  required  to  enunciate  the 
explosive  consonants.  And  as  there  was  no  uniformity  on  the 
judgments  of  pitch,  even  among  the  two  or  three  subjects  who 
made  them,  it  is  hardly  possible  that  the  pitch  judgments  indi- 
cate anything  objective. 

One  final  point  also  needs  to  be  emphasized ;  which  is  that  the 
tendency  to  make  words  out  of  these  meaningless  experiments 
was  super-strong  with  nearly  all  of  the  subjects.  As  one  subject 
said  in  regard  to  the  transmogrifications:  **It  tantalizes  me 
dreadfully  because  the  words  I  get  out  of  them  have  such  dis- 
junctive meanings."  So  that  some  severe  critic  might  call  this 
whole  work,  "An  experiment  in  the  delayed  associations  of  mis- 
spelled words."     But  following  such  caustic  criticism,  let  such 
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a  person  suggest  some  better  way  than  we  have  used  to  experi- 
ment on  the  psycho-physiolog^cs  of  the  sounds  of  the  language, 
and  thus  help  us  out  of  the  dilemma.  We  admit  right  at  the 
start  that  the  whole  realm  of  psychological  esthetics  seems  to  be 
constituted  chiefly  by  its  difficulties. 

SIMPLE  E  XPERIMENTS  CONSTRUCTED  FROM  THE 
TABULATIONS  OF  SOUND  FREQUENCY  IN 

ENGLISH  POETRY 

In  connection  with  the  next  two  sets  of  experiments  reference 
must  be  made  to  the  previously  mentioned  tabulations  of  sound 
frequency  in  the  poets.  If  one  arranges  these  percentages  in 
order  of  magnitude  for  each  one  of  the  poets,  it  will  be  noticed 
that  certain  sounds  are  almost  equally  prominent  for  all  of 
them,  especially  in  the  unaccented  lists;  and  here  we  refer  to 
the  short  U,  I  and  A.  Of  the  accented  sounds,  the  consonants, 
rather  than  the  vowels  appear  to  be  common  prpperty,  inasmuch 
as  R,  T,  D,  L,  S  and  M  usually  stand  at  the  head  of  the  lists. 

The  next  twenty-seven  experiments  were  devised  to  show  the 
effect  of  the  most  prominent  of  these  accented  and  unaccented 
sounds.  They  nearly  all  contain  two  unaccented  and  three  ac- 
cented letters.  But  these  combinations,  unlike  those  which  have 
hitherto  been  employed,  usually  end  with  a  consonant,  L,  N,  D 
and  T  predominating.  Thus  the  body  of  sound  produced  by  their 
utterance  is  something  more  solid  than  we  have  had  before ;  and 
the  organs  of  articulation  exercise  more  control  than  they  did  in 
the  case  of  the  long,  open  vowels. 

No  single  poet^s  preference  for  certain  sounds  is  especiaU]r 
represented  in  these  combinations;  the  whole  twenty-seven  of 
them  merely  exhibit  the  most  used  accented  and  unaccented 
sounds  of  English  poetry  "ueberhaupt."  The  introspections  for 
these  experiments,  which  were  given  in  the  following  order,  is 
of  interest : 

I.  Ne-rol.  (Iambic  foot,  vowels  both  short;  repeated  five 
times  in  succession  for  each  of  the  five  groups.) 

Implies  the  joys  of  rustic  work  and  pleasure;  visual  imagery  of  the  fields  in 
summer.    Soft  and  musical;  suggests  rapidity  of  movement;  imagery  of 
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May  morning.  Soft,  drawn-out  thing;  not  very  active  nor  de^,  but  it  has 
body.  Very  musical  and  easy  to  say;  sounds  like  the  ringing  of  a  bell; 
slightly  monotonous,  but  not  dull. 

II.  Un-ral(e).     (As  above,  metrically  and  in  groups;  short 
"u,"  long  "a".) 

"R"  the  best  thing  about  it;  seems  slightly  inharmonious  and  perturf)ing; 
no  definite  imagery.  Not  energetic;  couldn't  keep  the  word  "unreal"  out  of 
mind.  "Ral"  gives  a  feeling  of  contraction;  seems  inefficient;  thinks  of  the 
pattering  of  hail  or  of  big  water  drops. 

III.  Id-rel.    (Vowels  both  short.) 

Sounds  have  a  bell-like  quality;  seems  to  refer  to  some  celebration.  Hard 
to  keep  the  two  syllables  apart.  Became  "id^well,"  "did-well";  dislikes  the 
jump  from  the  first  syllable  to  the  second.  Musical,  hopeful  sound;  keeps 
ascending  in  pitch. 

IV.  Ri-tin(e).     (First  "i"  short;  second,  long.) 

Visualizes  self  on  the  sea  shore  on  a  warm,  summer  day;  feels  the  heat 
and  his  own  body  distinctly.  Makes  him  frown.  Seems  narrowly  concen- 
trated in  space.  Musical;  in  major  key;  encouraging;  calls  up  the  word 
"time."    (Emphatic,  but  monotonous;  gets  nowhere. 

V.  Tu-lin.  ( Both  vowels  short. ) 

Energetic  and  poetic;  visualized  the  sea;  heard  the  wind  and  the  sound 
of  the  breakers.  Very  easy  and  pretty  sound  to  make;  suggests  a  light, 
fleet  movement.  Seems  rapid;  "tu"  is  light;  "lin"  heavy;  good  combination 
of  sounds;  very  easy  to  coordinate  finger  and  voice.  Soothing  and  quieting; 
a  lullaby;  the  alternation  of  the  vowels  is  charming. 

VI.  Ti-ren.     (Both  vowels  short.) 

Sharp  and  concise  and  easy  to  produce;  but  the  "n"  seems  to  negate  the 
expected  climactic  character  of  it  The  superficial  gloominess  of  a  rainy, 
indoor  day  implied;  not  very  "deep"  sound;  visual  imagery  dark  gray. 
Couldn't  keep  track  of  the  counting.  Forceful  sound;  calls  up  the  words 
"to   arms !"  • 

VII.  Ti-rel.     (Vowels  both  short.) 

Bell-like;  musical  and  melodious;  implies  recreation;  visualizes  a  country 
dance  in  the  moonlight ;  slightly  erotic.  Energetic  and  speedy ;  runs  together 
well;  suggests  the  full  pleasure  of  animal  spirits.  Just  a  happy  little  fool's 
song;  jolly.  Good  lyric  poetry;  "It  may  be  flip,  but  never  mind";  the 
sounds  run  together  beautifully.  Exciting  and  exhilarating;  feels  the  pitch 
to  be  very  high;  brings  a  joyful  and  exuberant  feeling. 

VIII.  Un-dol(e).     (First  vowel  short;  second,  long.) 

Has  distinct  musical  quality,  but  the  tone  is  sad  and  mournful.  Romantic, 
but  doleful;  recalls  the  "Niebelungen  Lied";  implies  the  pathetic  fallacy. 
Quiet  and  sombre;  calls  up  the  tolling  of  a  bell;  exceedingly  passive  thing. 
Means  a  mild  lament,  or  self-pity;  the  nasal  sensations  almost  become 
unpleasant. 
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IX.  A-ren(e).     (Short  "a,"  long  "e.") 

Almost  meaningless  and  nonsensical;  seems  to  be  calHng  someone  bjr 
name.  Not  poetic;  thought  of  things  colloquial.  More  eneiigetic  'dian 
"tm-dol.''  Very  uninteresting  and  commonplace;  ''ri-tin"  was  intellectiial ; 
this  is  stupid.  Has  a  romantic  quality ;  seems  like  some  amorous  declaration ; 
musical.  A  small  sound ;  it  is  minor  music ;  makes  one  quiet  and  thotig^tf  ul ; 
might  arouse  pity  and  sympathy. 

X.  Ri-nad(e).     ("I"  short,  "a"  long.) 

Something  mournful  about  it;  but  not  much  to  it  Induces  a  slow,  pas- 
sive state.  Seems  to  stay  way  back  in  the  mouth  cavity;  can't  raise  the 
pitdi  enough  to  make  it  effective.  Seems  contracted  and  nasal;  has  no  fife 
or  activity  to  it;  too  inward.  Emphatic;  almost  a  battle  cry;  very  dignified 
sort  of  a  thing. 

XI.  Un-rin.     (Both  vowels  short) 

Emphatic;  the  rhythm  is  easy  and  regular,  but  the  nasal  qoality  is  not 
enjoyable.  Something  hopeless  about  it;  seems  like  a  cry;  Shell^r's  poetry 
came  to  mind. 

XII.  Ti-ra.     (First  vowel  short;  second,  long.) 

Thinks  of  something  like  political  excitement;  "sis4>oom-bah-rah''  and 
Roosevelt  prominently  in  mind.  "It's  just  some  conversation."  Nice  and 
quick;  happy  and  joyous;  expansive;  suggested  '"hooray."  Implies  jubilant 
and  exultant  action. 

XIII.  Ni-dal.    (Both  vowels  short.) 

Reminds  of  very  fine  and  pleasing  music.  Active  and  energetic;  suggests 
the  military.  Calls  to  mind  the  girls  of  Biskra  in  the  street  of  Ooled  NaflL 
"It  tumbles  out  of  the  mouth  before  yon  want  it  to";  implies  foUowiog 
the  line  of  least  resistance.  Something  important  and  also  impatient  aboat  k  ; 
implies  hurrying. 

XIV.  Ri-leet.     (Short  "i.") 

Like  a  bird  song;  bright  and  vivacious.  Not  very  deep,  but  josrous; 
images  a  woodland  scene  in  the  summer;  birds  and  squirrels  plentifoL 
Feels  hurried ;  thinks  of  the  song  of  a  lark.  Thought  of  "relief  *  "rMkt,"  etc 
Very  dainty,  light  and  springy;  something  bright  and  feminine  about  it. 

XV.  Ti-reen.     ("I"  short.) 

Thinks  of  the  mightiness  of  nature ;  wild  gray  ocean  and  sea  gulls  imaccd. 
The  explosive  quality  of  "ti"  well  counterbalanced  by  "recn";  it's  like  ft 
litty  sung  to  oneself.  This  is  romantic  and  "eulogistic";  might  be  a  lOfe 
sonnet,  or  some  manifestation  of  devotion. 

XVI.  Ri-nel.     (Both  vowels  short.) 

Has  a  bell-like  quality;  **rin"  is  subjecti\-e;  "el"  objective.  like  a  bdl; 
.lanc'iil,  but  not  solemn.  Seems  to  swell  in  volume  as  it  proceeds;  good 
''ounc    ^'Uh  w^ir*'  *'^  call  any  one.    Sometbi»^g  personal,  fatalistic,  and 
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XVII.  Ni-Iur.     (Short  "i";  "u"  as  in  "fur.") 

Seems  deceitful,  and  slippery ;  too  smooth  to  have  any  body  to  it.  Implies 
a  Byronic  despair;  visual  imagery  of  a  gray  cold  autumn  sky.  Difficult  to 
say;  gets  way  up  in  his  nose;  suggests  peevishness;  wanted  to  prolong  the 
"lur"  so  as  to  get  a  firmer  hold  on  the  "ni."  Hard  to  say;  lacks  body;  felt 
almost  tongue-tied.  Calls  to  mind  some  foolish  person,  perpetually  grinning ;. 
mouth  sensations  disagreeable.  Very  emotional;  an  intoxicating  riot  of 
sounds ;  full  of  color. 

XVIII.  Ri-dev.     (Both  vowels  short.) 

Very  peculiar;  thought  of  a  hot,  summer  day;  also  some  fiery,  physically 
exciting  passion  obtruded.  Unusual  sotmd;  "devil"  the  only  thing  that  came 
to  mind.  Dramatic;  alluring;  wanted  to  make  it  impressive;  something 
funereal  about  it.  Has  resonance,  but  gives  a  drawn-in,  contracted  feeling. 
Funereal  and  mournful  thing;  yet  has  musical  quality  and  fascinates  one. 

XIX.  Ni-rees.     (Short  "i.") 

Very  musical;  sounds  like  whistling.  Feels  the  "s"  stops  one  short;  like 
putting  on  the  brakes  suddenly  while  driving  an  auto.  Mouth  movement 
seems  delicate;  tends  to  fuse  into  "nireesnirees,"  etc,  without  stopping 
between  the  syllables ;  like  singing  a  little  tune  to  himself ;  feels  contemplaitive. 
Sort  of  a  "love  mottf";  imagery  of  a  woodland  scene,  with  birds  and  soft, 
quiet  places.  "S**  softens,  hushes,  smoothes;  very  light  and  dainty  sounds; 
"s"  also  seems  like  spreading  something  over  a  broad  surface.  Foreign 
sound;  slightly  wistful;  yet  gives  a  feeling  that  something  is  inevitable. 
Quieting,  slightly  monotonous  sound;  thought  it  descriptive  of  the  waves- 
on  the  sea  shore. 

XX.  Un-reen.    (Short  "u.") 

Something  profound  about  it;  a  sad,  unsatisfied  cry,  either  sexual  or 
spiritual.  Sounds  like  a  call  for  help;  or  else  it  is  some  exposition  of  an 
important  theme.  Doesn't  allow  one  to  expand;  a  cHmax  foreshadowed,, 
but  not  reached.     Something  romantic,  supplicating  and  pathetic  about  it. 

XXI.  Ni-ral.    (First  vowel  long,  last  vowel  short.) 

Imaged  a  big  country  fair,  where  everybody  was  having  the  time  of  his 
life;  "ni-ral"  is  everybody  calling  everybody  else.  Called  up  visual  image 
of  Millet's  "The  Lark."  Makes  him  keep  his  mouth  open  all  the  time;  gives 
a  cold  feeling  all  over;  the  "i"  seems  like  something  pointed;  almost 
deprecative. 

XXII.  Thi-ra.    ("Th"  sonant;  "i"  short;  V  long.) 

Has  much  quality,  but  the  lisping  character  of  the  "th"  almost  killed  the 
feeling  tone.  The  syllables  do  not  seem  to  belong  together;  "th"  irritates; 
seems  like  a  lover's  lisp.  Peculiar  mixture  of  sounds:  "th"  always  repul- 
sive; "ra"  very  fine;  almost  a  case  of  mixed  feelings.  Difficult  to  say; 
seems  like  a  scraping  movement  along  the  ground.  "A  horrid,  tongue-tied 
li^." 
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XXIII.  Xe-mal.    ("E"  long;  "a"  short.) 

Implies  a  snperticial  pessimism  or  complaint.  Tends  to  become  "nemd**  and 
"nemalne**  (trocfaaic) ;  seems  to  be  just  a  matter  of  daily  conversatioii, 
baying  and  selling,  and  the  like.  Insistent  and  affirmative;  ^'ne*'  is  the  dis- 
turbing factor.  Implies  maliciousness,  anger  or  irritation;  it  rlimaxes  into  a 
veritable  furj-. 

XXIV.  Ri-naz(e).     ("I"  short;  "a"  long.) 

Very  subjective  thing;  "az**  makes  it  so  inward.  Slightly  energetic; 
imagery  of  a  rainy  day  in  the  country.  Slow,  monotonous,  sombre,  deaden- 
ing; demands  much  attention  to  keep  saying  iL  Smooth,  but  lacks  body; 
like  the  voice  of  a  mediocre  clerg>-man  giving  a  nice,  homely  sermon.  Qnict- 
ing,  harmoniotis  quality  to  it;  implies  the  pleasant  acceptance  of  a  situation, 
suited  to  one's  abilities.  It  means  homage  to  some  Oriental  monarch  whose 
name  is  "Rinaz."    A  lullaby;  something  almost  hypnotic  about  it;  fascinating: 

XXV.  Ro-len.     ("O"  long;  "e"  short.) 

Expresses  activity,  but  a  superiidal  kind,  .\ctivev  and  qnidc;  rolls  right 
along.  Gear  cut,  vigorous  and  manly  sound;  personal  reference  to  it. 
"RoP  should  have  the  accent;  hence  it  shuts  off  the  effect  of  tiie  intended 
iambic  Rather  matter  of  fact  and  unimaginative.  Rather  strong  and 
vigorous;  tendency  to  anticipate  the  accent  with  the  finger.  Pleasant  alter- 
nations of  the  vowels:  "'en*'  brings  one  right  up  standing. 

XXVI.  Thi-nal.     (Both  vowels  short.)     (Th  surd.) 

''Th**  is  the  disagreeable  part  of  it:  something  remorseful  about  it  Gives 
a  blurred  effect;  the  whole  things  seems  to  lisp.  "Th"  ruins  the  otherwise 
pleasant  effect  of  ''nal."  Easy  to  say.  but  the  ''naT  is  too  nasal;  it  whines; 
reverberations  of  the  sound  felt  throughout  the  face.  .-\n  unimaginative; 
practical,  doii^-nright  statement  of  fact  Harsh,  complaining,  and  unsatis- 
fying ;  the  pitch  is  too  high  to  be  pleasant. 

XXVII.  Ri-neen.     (Short  "i,"  long  "c") 

Too  nasal  to  be  musical;  refers  to  some  one  other  than  himself.  Rather 
tiresome  work :  thought  of  rowing  fast  and  hard  for  no  particiilar  pmpoac. 
Too  nasal;  the  final  "n"  is  the  worst  part  of  it;  not  so  mature  a  soond  as 
"rolen/'  "Xeen"*  is  cold  and  hollow:  too  low  in  pitch;  makes  one  short  of 
breath  and  demands  great  depth  of  voice ;  *'ri"  is  by  itself  qtdte  pleasant. 

Even  from  these  fragments  of  the  introspection  given  in  con- 
nection with  the  above  experiments,  it  is  plainly  seen  that  tlie 
responses  of  the  subjects  to  the  material  indicate  that  they  had 
"gotten  into"  the  business  of  introspection  better  than  ever  be- 
fore. Much  of  it,  is  of  course  not  pure  introspection;  but  the 
instructions  were  only :  "give  me  what  is  in  your  mind  after  yoa 
have  recited  this  combination  twenty-five  times."  In  describiiigr 
the  effect  of  these  sound  combinations,  then,  if  to  sav,  "it  is  like 
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this  or  that"  may  not  be  introspection,  yet  it  did  not  seem  possible- 
to  obtain  any  other  introspective  results  than  the  above.  And  yet, 
in  the  light  of  future  experimentation,  just  this  kind  of  answers 
upon  the  effect  of  the  sounds  in  poetry  seems  to  be  the  only  thing 
one  can  obtain,  and  furthermore,  the  results  obtained  from  in- 
trospecting upon  passages  of  poetry  transmogrified  into  meaning- 
less jargon  justifies  to  a  considerable  degree  the  method  of  intro- 
spection which  most  of  the  subjects  employed.  One  thing  more, 
also;  the  idea  that  the  subjects  would  all  introspect  upon  the 
physical  sensations  or  learn  to  do  so  was  quickly  expelled  from 
the  mind  of  the  experimenter ;  the  threefold  instructions, — ^to  give 
feeling-tone,  sensations,  and  imagery  proved  to  be  too  autocratic ; 
what  we  have  in  the  above,  typical  introspection  is  mostly  feeling- 
tone  and  association.  However,  inasmuch  as  most  of  the  subjects 
did  not  like  to  think  of  the  movements  of  the  organs  of  articula- 
tion while  they  were  speaking,  to  have  insisted  that  they  do  so 
would  have  been  fatuous. 

All  in  all,  the  introspection  is  the  valuable  part  of  this  set  of 
experiments  so  far  as  we  have  gone  with  them.  Diligent  and 
careful  study  of  the  rank  lists  for  the  above  experiments  has 
failed  to  show  that  changes  in  feeling  tone,  changes  in  the  feel- 
ing with  regard  to  "activity,"  "passivity,"  "energy,"  and  the  like 
states  can  be  traced  down  to  the  numerical  results  with  any  cer- 
tainty. On  the  whole,  however,  the  experiments  in  which  the 
subjects  found  difficulties  of  enunciation  and  the  like,  produced 
the  longest  tappings.  Feelings  of  free  activity  and  pleasurable, 
"dolce  far  niente"  states  usually  correlate  with  lower  tapping 
averages  than  do  other  states.  The  word  "activity,"  however, 
must  not  be  interpreted  to  mean  a  "feeling  of  work"  or  "exer- 
tion" ;  often  it  was  hard  enough  work  to  recite  the  combination, 
but  the  doing  so  may  have  been  pleasant  or  unpleasant,  depending 
upon  many  factors  singly  and  in  a  constellation,  such  as  pleasant 
or  unpleasant  associations,  difficulty  or  ease  of  counting  the  five 
iambics,  and  the  like;  and  inasmuch,  also,  as  we  have  hitherto 
failed  to  attempt  to  "grade"  the  feelings  of  pleasure,  activity,  and 
the  like  numerically,  correlations  of  any  sort  do  not  show  up  with 
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any  degree  of  nicety  either  way.  But  the  grading  of  feeling  tones 
is  a  matter  that  is  on  a  psychological  brink  where  the  footings  is 
horribly  slippery ;  checking  up  the  results  would  have  been  neces- 
sar>%  and  with  this  kind  of  experiments,  where  the  effective 
phase  appears  to  be  so  fragile  and  at  the  mercy  of  every  other 
psychological  factor,  it  can  hardly  be  supposed,  at  least  from  the 
results  we  have  already  obtained,  that  to  give  these  experimnets 
all  over  again  in  various  orders,  would  have  been  either  wise  or 
fruitful. 

We  next  take  up  the  matter  of  general  correlations  between 
feeling  tone  and  motor  discharge,  taking  all  the  pleasant,  un- 
pleasant, and  neutral  experiments  in  groups  by  themselves  and 
contrasting  the  means,  mean  variations  and  ranges  with  one 
another. 

Subject  PI.  Unp.  Xcut 

A.  M 95.9  92.7  91.7  PUN 

M.V 3^  3.6  3.1  UNP 

Rnj 15  19  17  UNP 

B.  M Sao         86.1         8&6  NPU 

M.V 3.1  3^  4^  NPU 

Rnj 18  17  21  NPU 

C.  (as  above) 107.3        i07-4        KJ4-8  U  P  N 

2.5  26  2.7  N  U  P 
10            II            12  N  U  P 

F.    89.2         89.7       loai  NUP 

3^  3.1  34  NPU 

17  18  16  U  P  N 

L.    73^         72 A         74^  NPU 

3.6  3.7  4.1  NUP 
16            16           20                                 NUP 

X 86.7        84^        83.3  PUN 

2.9  2.5  2.7  P  N  U 

15  II  14  P  N  U 

T.    76.7       73-2  P  N 

34       3JS  N  P 

18  19  N  P 

\V 95.1         95.2         95.6  NUP 

24  2J3  2.5  NPU 

12  10  13  NPU 

Y 50.7         52.3         47.1  U  P  N 

3.1  4-1  3-2  UNP 

14  18  17  UNP 
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The  difference  between  these  various  averages  is  very  slight, 
and  in  every  case  the  variations  from  it  are  great.  But  they  are 
usually  greater  for  those  which  have  been  obtained  while  the 
subjects  were  in  a  pleasant  state  of  consciousness  than  otherwise. 
Neutrality  and  unpleasantness  appear  to  work  up  to  a  better 
level  in  the  motor  consciousness  than  does  pleasurability ;  fur- 
thermore, introspectively,  there  are  more  varied  states  of  pleas- 
ure than  of  unpleasantness;  if  what  the  subjects  gave  intro- 
spectively is  of  any  importance,  this  appears  to  be  empirically 
substantiated, — they  got  after  a  while  to  be  very  reticent  about  the 
introspecting  upon  the  unpleasant  combinations,  saying  only  such 
things  as  "very  bad,"  "I  do  not  care  for  that  at  all,"  and  the  like. 
But  when  they  got  a  pleasant  combination,  they  would  even  wan- 
der into  forbidden  fields  of  introspection  and  bring  back  material 
which  had  apparently  no  connection  with  the  subject  in  hand.  Not 
all  of  them,  however,  but  it  is  quite  the  fact  that  the  subjects  who 
found  most  of  these  combinations  pleasant,  show  up  the  most 
negatively  in  these  correlations ;  at  least  those  who  got  into  the 
most  effervescent  states  of  mind  offer  those  numerical  results 
which  are  the  most  recalcitrant  to  satisfactory  correlation. 

Hints  of  a  Tonal  Calculus 

We  now  turn  to  the  graphs  for  these  experiments.  Tiren  and 
Tireen  were  taken  together;  and  Unrin  and  Unreen  also;  these 
were  drawn  in  pairs  to  show  the  differences  obtained  from  those 
experiments  which  were  the  nearest  alike.  We  treated  in  the 
same  way  the  graphs  for  Tira  and  Thira,  and  also  for  Rinaz  and 
Rinad.  The  remaining  nineteen  graphs  were  arranged  in  groups 
for  similar  purposes  of  comparison. 

Comparing  Tiren  and  Tireen,  it  appeared  that  the  short  "e"  in 
Tiren  was  responsible  for  the  elevation  of  this  graph  above  the 
other.  Apparently,  also,  the  ''long"  E  did  not  "live  up  to  its 
privilege,"  for  the  graphs  were  of  exactly  the  same  length,  even 
group  by  group.  But  the  Tiren  exceeded  the  other  graph  in 
height  only  at  the  beginning  and  end  of  its  course.  Also,  the 
effect  of  thfe  Tireen  was  steadier  than  that  of  Tiren.  The  latter 
showed  an  average  rise  toward  the  fourth  iambic  and  then  a 
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sudden  descent.    This  also  holds  true  in  all  the  groups  but  the 
last,  as  appeared  from  the  long  Tiren  graph. 

A  comparison  of  the  next  two,  Unrin  and  Unreen,  showed 
less  difference  in  the  general  motor  discharge  aroused  by  these 
two  graphs  than  was  evident  in  the  case  of  the  former  two. 
This  might  be  due  to  a  number  of  things;  first,  the  difference 
in  the  structure  of  the  unaccented  syllables  in  these  pairs:  -un 
may  determine  the  motor  supply  as  much  as  the  -rin  or  the  -reen. 
But  the  differences  in  the  accented  vowels  are  also  to  be  taken 
into  account,  for  in  the  one  pair,  short  "e"  and  long  "e" 
alternated,  while  in  the  other,  short  "i"  alternates  with  long  "e.** 
Hence  we  have  two  variables,  and  not  one  to  deal  with. 

Rinaz  and  Thira  produced  the  strongest  effects  of  the  Rinaz- 
Rinad-Thira  group  and  they  were  nearly  equal  in  height  and  very 
similar  in  form ;  Rinad  and  Tira  were  exactly  identical  in  form, 
but  not  so  close  together  as  were  the  other  two.  Evidently  "th" 
and  "z''  gave  the  impetus  to  the  responses,  and  the  open  "a"  was 
in  each  case  provocative  of  restraint  in  the  tapping,  for  the  open 
"a"  experiments  took  longer  time  to  utter  than  those  which 
closed  with  "z"  or  "d."  Rinad  was  found  by  the  subjects  to  be  a 
rather  poor  stimulus,  while  they  attributed  to  Rinaz  a  sort  of 
hypnotic  or  lulling  character ;  yet  the  graphs  show  that  the  latter 
of  these  sound-combinations  was  more  arousing  than  the  othen 
But  as  a  general  thing  indifferent  states  were  correlated  Mean- 
wise  with  a  greater  motor  output  than  were  the  pleasant.  But 
Rinaz  was  the  more  pleasant  of  these  two. 

Comparing  Niral  and  Nidal  with  one  another  it  appeared  that 
the  "r'*  as  an  initial  accented  consonant  has  a  greater  motor 
effect  than  does  initial  "d/'  And  yet  the  "d"  can  be  given  a  much 
more  explosive  vocal  character  than  the  "r."  But  the  long  "i** 
in  Niral  must  not  be  forgotten.  Nemal  showed  very  well,  espe- 
cially in  the  fourth  group,  the  insistent  character  which  was 
attributed  to  it  in  the  introspection.  Comparing  the  lengths  of 
these  graphs  does  not  seem  to  throw  any  light  on  the  matter  of 
correlation,  for  while  the  long  '*i"  in  Niral  might  be  construed  as 
that  factor  which  gives  the  length  to  this  graph,  yet  Nerol  is 
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equally  long,  but  Nerol  was  the  first  of  this  series  to  be  given, 
and  perhaps  the  subjects  took  longer  to  say  it  because  it  was 
something  new  in  the  way  of  utterance. 

The  next  group  of  graphs  showed  among  other  things,  the 
various  effects  of  final  "1."  It  is  not  surprising  that  Idrel  took 
a  longer  time  to  repeat  twenty-five  times  than  did  Tirel ;  even  the 
manipulation  of  the  organs  of  articulation  is  a  more  difficult 
matter  for  the  former  combination;  time  is  about  the  only 
noticeable  difference  between  the  two  graphs,  their  height  being 
about  equal.  Undol  and  Unral  were  also  close  quantitative 
equals,  but  the  slightly  greater  effect  of  Unral  at  the  beginning 
of  each  group,  as  was  seen  from  a  combination  graph,  allies  this 
effect  of  "r"  with  those  noted  above.  It  would  seem  then,  that 
sometimes  articulation  force  (e.g.  the  explosive  character  of 
some  consonants)  is  represented  in  the  tapping  in  an  inverse 
proportional. 

Tirel  proceeded  more  evenly  across  the  page  than  did  any  other 
of  this  group  of  graphs,  but  in  the  final  summation  graph,  Rinel 
showed  that  the  average  stress  on  each  of  the  twenty-five  iam- 
bics was  exactly  the  same.  Unfortunately  such  summation 
graphs  were  not  duplicated  to  any  but  the  slightest  degree  in 
the  longer  ones  and  so  their  significance  is  doubtful;  one  point 
is  to  be  made,  however,  and  that  is  that  where  lack  of  uniformity 
between  the  separate  groups  of  the  larger  graphs  is  manifest, 
all  that  can  be  stated  about  the  summation  graphs  as  regards  one 
another  is  just  as  significant  as  that  which  can  be  stated  about 
the  longer  graphs. 

In  regard  to  the  general  effect  of  final  *T'  in  these  combina- 
tions, one  thing  is  quite  remarkable;  and  that  is  the  frequency 
with  which  the  fifth  iambic  of  a  group  ends  with  a  descent  in 
the  curve.  It  is  exactly  fifty  per  cent:  about  ten  per  cent  of  the 
time,  also,  there  is  no  change  from  the  fourth  to  the  fifth  foot. 
The  conclusion  seems  to  be  that  the  tendency  of  final  "1"  is  to 
produce  its  greatest  motor  effect  in  some  other  foot  than  the 
fifth,  when  repeated  in  the  manner  employed  in  the  above 
experiments. 
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The  next  five  graphs  cannot  be  so  strictly  compared  with  one 
another,  but  if  we  consider  those  having  long  vowels,  it  appeared 
that  they  extended  slightly  farther  to  the  right  than  did  the 
others.  The  longest,  "Ritin,"  seems  to  offer  some  sort  of  posi- 
tive correlation  in  regard  to  the  long  "i"  in  the  accented  syllable, 
but  by  comparing  it  with  those  which  we  have  hitherto  considered, 
we  find  that  "length"  of  vowel  is  an  equivocal  expression  in 
reference  to  the  motor  consciousness. 

It  is  proper  now  to  see  whether  we  can  deduce  anything  from 
the  above  twenty-seven  experiments  by  combining  them  in 
various  groups,  for  many  of  them  contain  exactly  the  same  fac- 
tors in  either  the  accented  or  the  unaccented  syllable. 

First:  arranging  these  experiments  in  the  order  of  greatest 
to  least  amount  of  motor  discharge  called  forth  in  the  tapping  we 
get  column  I.  The  figures  represent  425  tapped  strokes  (9  sub- 
jects, each  one  tapping  25  times.)  Opposite  these  numbers  are 
the  feeling  tone  judgments  of  P,  U,  and  N,  with  the  number 
of  times  each  judgment  was  made,  regardless  of  which  subjects 
contributed  to  that  particular  mass  of  judgments. 

PUN 

Idrel    8a4 

Tirel 87.4 

Tulin   87.0 

Nemal   86.8 

Rolen  86.8 

Ritin    85.8 

Thinal   85.4 

Niral    85.4 

Thira  84.8 

Rinaz  84.8 

Aren 84.6 

Undol 84.4 

Unral  844 

Rineen  84.0 

Unrin 83.6 

Nerol  83.6 

Tiren    83.6 

Unreen    834 

Ridev  83.2 

Rinel    83.0 

Rinad  82.8 

Nirees    82,8 

Nidal   824 

Tireen    82.0 

Tira    81.8 

Nilur    81.6 

Rileet  80.8 


5 

3 

I 

8 

I 

0 

6 

I 

2 

3 

3 

3 

6 

2 

I 

3 

2 

4 

I 

7 

I 

4 

4 

I 

4 

3 

2 

8 

I 

0 

5 

I 

3 

7 

p 

I 

3 

3 

3 

4 

5 

0 

2 

3 

4 

7 

0 

2 

5 

3 

I 

4 

4 

I 

2 

5 

2 

5 

2 

2 

3 

3 

3 

7 

2 

0 

5 

2 

2 

6 

2 

I 

5 

I 

3 

2 

5 

2 

8 

I 

0 
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If,  now,  one  arranges  these  same  experiments  in  two  columns, 
one  indicating  a  decline  in  the  amount  of  motor  discharge,  and 
the  other  a  descent  in  pleasurability,  it  can  be  seen  how  far,  gen- 
erally speaking,  these  two  factors  are  correlative.  Likewise, 
taking  the  motor  decline  once  more  and  pairing  it  with  another 
list  indicating  the  decrease  in  unpleasantness  for  the  same  ex- 
periments, another  set  of  correlations  can  be  obtained.  We 
have  determined  the  pleasurability  and  unpleasurability  on  the 
following  basis:  where  imder  the  P  column  or  the  U  column 
we  find  the  same  numbers,  e,g,  PUN  and  P  U  N,  we  have 

522  531 

called  the  first  of  these  the  more  pleasant,  and  the  second  the 
more  unpleasant;  where  we  find  the  following  situation 
PUN  P  U  N,  we  have  called  the  second  of  them  the  more 
612      711 

unpleasant.  Here,  as  in  the  former  experiments  upon  the  simple 
vowels  and  consonants,  we  find  that  pleasantness  and  amount 
of  motor  discharge  are  inversely  correlated.  The  average  diver- 
gence of  the  position  of  terms  in  each  column  is  about  ten  points 
away  from  a  one  to  one  correspondence.  We  now  come  to 
another  interesting  phenomenon.  Taking  those  experiments 
which  are  nearest  alike,  and  computing  from  their  difference 
the  effect  of  one  vowel  over  another,  or  one  consonant  over 
another  in  the  motor  consciousness,  we  can  draw  the  following 
tentative  conclusions.     To  begin  with  pairs  of  experiments: 

Exp.        M.D.         PUN  Here    the    unaccented    "Th" 

Thira      84.8          432  has  a  greater  motor  effect  than 

Tira        81.8          513  does  "T."    Also  the  feeling  tone 

correlation  is  strong  for  the  increased  motor  effect  of  the  im- 
pleasant.     Take  another: 

Exp.        M.D.         PUN  Here  short  "i"  accented  has 

Unrin     83.6  234        a  greater  motor  effect  than  does 

Unreen   83.4  441         long  "i";  and  the  same  feeling 

tone  correlation  also  holds  true  as  with  the  above. 

Again,  Exp.        M.D.         PUN  In  this  pair  the  short 

Tiren      83.6  5     3     i         vowel  may  be  credited 

Tireen     82.0  621         with  the  greater  motor 

effect. 
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And  in  Exp.  M.D. 
Rinaz  84.8 
Rinad     82.8 

greater  motor  effect. 

inferences  are  dubious. 


P  u 

N 

8    I 

0 

3     3 

3 

Exp. 

Ri-tin 

Ri-naz 

Ri-neen 

Ri-dev 

Ri-nel 

Ri-nad 

Ri-leet 

Exp. 

Ti-rel 

Ti-ren 

Ti-reen 

Ti-ra 


M.D. 
85.8 
84.8 
84.0 

83.2 
83.0 
82.8 
80.8 

M.D. 

87.4 
83.6 
82.0 
81.8 


3 
8 

4 
2 

5 

3 
8 

P 
8 

5 
4 
5 


We  find  the  accented 
find    "z"    as   that   ele- 
ment whidh  gives  the 
But  in  both  of  the  above,  feeling  tone 
Let  us  now  compare  several  groups : 

U   N 

Here  the  long  accented 
vowels  seem  to  have  the  ad- 
vantage, and  the  "naz"  and 
"nad"  do  not  contradict  the 
deductions  about  them  made 
immediately  before. 


2 

I 

5 

5 
2 

3 

I 


4 
o 

o 

2 

2 

3 
o 


U  N  Here  the  short  vowels  again 

I  o  produce,  or  assist  in  produc- 

3  I  ing,  the  greater  motor  eflFect. 

4  I  Deductions  on  the  basis  of 
I  3  feeling  tone  are  hardly  possi- 
ble in  either  of  these  two  groups.  We  make  two  more 
comparisons : 


Exp. 
Ni-rees 

Ni-dal 
Ni-lur 


M.D. 
82.8 
82.4 
81.6 


P 

7 

5 
2 


U   N 
2    o 


2 

5 


2 
2 


Here  the  feeling  tone  en- 
ters again  as  an  apparent 
factor,  but  rather  contradic- 
torily to  what  has  been  de- 


duced from  the  experiments  as  a  whole. 


Exp. 

Un-ral 

Un-dol 

Un-rin 

Un-reen 


M.D. 
84.4 

84.4 
83.6 

83.4 


P 

3 

7 
2 

4 


U  N 
3     3 


I 
3 


I 

4 


Which  completes  our  groups 
of  this  kind. 


In  connection  with  the  next  matter,  a  few  symbols  are  neces- 
sary. Let  Ki  =  the  accented  consonant  which  stands  imme- 
diately before  the  accented  vowel,  thus:  ni-i?al,  im-i>ol,  etc 
Let  also  K2  =  that  accented  consonant  standing  immediately 
after  ^^'^  accentec'  "^owel,  or  which  clos***^  *he  accented  syllable* 
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thus:  ni-raL^  ri-mZ,  etc.  Let  also  V  stand  for  the  accented 
vowel,  and  let  the  letters  i,  e,  a,  etc.,  represent  the  short  vowels, 
and  the  letters  I,  E,  A,  etc.,  represent  the  long  vowels.  Let 
also  the  symbol  >  stand  for  the  "greater  than"  and  the  S3mibol 
<  stand  for  "less  than."  Then,  in  general,  taking  all  the  com- 
monly used  accented  final  and  initial  consonants  of  the  accented 
syllables,  we  have : 

K2L  >  K2N  =  17.4  >   15.5 
Ve      >   VE    =  17.3  >   12.0 
Va     >   VA    =  17.5  >  12.8 
and  KiL  >  KiR  >  KiN  =  17.0  >   14.0  >   13.6, 

so  that  the  motor  effect  of  KiN  <  the  motor  effect  of  KiR  and 
also  <  that  of  KiL.  We  can  say,  then,  that  of  the  consonants, 
KiL  and  K2L  have  the  greatest  motor  effect,  and  the  short 
vowels  also,  in  general,  rank  with  them.  This  is  significant,  and 
shall  be  used  later  in  the  correlation  of  large  masses  of  sounds. 

3.     TRANSMOGRIFICATIONS   OF  ENGLISH   POETRY 

This  part  of  the  work  includes  several  kinds  of  experiments. 
According  to  the  plan  outlined  in  the  early  paragraphs,  we  are 
now  to  consider  the  effect  of  more  complicated  collocations  of 
the  speech  elements  than  have  been  hitherto  employed.  The  poets 
themselves  are  experimented  upon  from  now  on,  and  in  a  two- 
fold manner :  first,  by  casting  into  decasyllabic  lines  the  sounds 
as  they  appear  in  the  tabulations  of  frequency,  and  then  by  em- 
ploying both  single  lines  and  ten-line  passages  from  poetry  to 
show  the  various  effects  of  combination  with  and  without 
meaning. 

The  Effect  of  Meaningless  Single  Lines  from  the  Tables 

OF  Sound  Frequency 

We  now  turn  to  the  first  of  these  experiments.  They  were 
devised  to  show  the  psycho-motor  effect  of  those  sounds  which 
certain  poets  use  most  frequently  as  well  as  those  which  they 
use  less  frequently,  and  in  each  case  they  attempted  to  illustrate 
the  proportion  of  use  by  the  frequency  of  repetition  in  the 
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decasyllabic  line  into  which  they  were  arranged.  Taking  four 
of  the  poets  from  the  tables  of  sound  frequency  hitherto  men- 
tioned, we  find  them  using  the  sounds  of  the  language  in  the 
following  proportions.  We  take  only  the  first  twenty  or  more 
sounds  from  each  one,  accented  and  tmaccented  alike.  (Short 
vowels,  small  letters ;  long  ones,  large. ) 


Keats 

Byron 

Tennyson 

Arnold 

Ace. 

Unacc.    Ace. 

Unaee.      Ace. 

Unacc.    Ace 

Unacc 

R 

39  u 

53  :R 

5.3  u 

5.3  :R 

5.0  u 

5.3  :R 

5.5  u 

4X) 

N 

37  i 

4.1  :N 

4.0  N 

4.5  :L 

4.5  i 

4.0  :N 

4.6  i 

34 

L 

3.5  N 

3.5  :L 

3.5  i 

34  :T 

3.1  N 

3.2  :L 

3.6  N 

3^ 

S 

34  R 

3JI  :E 

2J9  R 

2.7  :M 

2L*7:Th 

2.9  :T 

3^  a 

2^ 

T 

3.1  T 

2.3  :D 

2.5  T 

3.1  :S 

2.6  R 

2.8  :S 

3.1  D 

2.6 

D 

2.h  S 

2.0  :M 

2.4  Th 

2.3  :E 

2.5  D 

2.1  :£ 

2.3  Th 

2.5 

e 

2.1  Th 

1.9  :S 

24  « 

1.7  :a 

2.3  a 

1.8  :A 

2a  L 

2.1 

V 

2.0  e 

1.7  :T 

2.2  Z 

1.7:1 

2.1  L 

i£rD 

2.2  Z 

i^ 

u 

1.9  O 

1.7:0 

2.1  0 

i;6:D 

2X>  Z 

1.8:0 

2.1  R 

1.7 

£ 

1.8  L 

1.6:  A 

1.8  D 

1.6  :N 

2.0  T 

1.8  :F 

2.1  £ 

1.7 

P 

1.7  a 

1.5  :u 

1.8  a 

11.5  :Z 

il9  Th* 

1.6:1 

2j0  T 

1.6 

M 

1.9  D 

1.5:1 

iu6  I 

14  :P 

1.9  Ng 
1.8  W 

1.0  :M 

1.8  e 

14 

A 

1.7  K 

14  :e 

r.s  E 

14:1 

IX)  :o 

i.S  H 

M 

F 

1.7  Ng 

i.r:a 

14  Th* 

1.3  :B 

1.7  E 

•5>-5, 

14  Th* 

1-3 

• 

1 

1.6  Th* 

i.i:i 

14  0 

1.2:0 

i^I 

.9:K 

14  w 

i^ 

K 

1.6  M 

i.o:P 

r4  L 

1.2  :F 

14  e 

.8:W 

1.3  S 

I.X 

H 

M  W 

1.0  :K 

la  S 

IX)  :W 

14  e 

.7:? 

1.3  B 

IX) 

I 

1.3  E 

.9:0 

I.I  M 

.9:u 

IvjO 

-7:i 

la  A 

.9 

0 

13  F 

.8:F 

I.I  W 

.8:K 

1.3  H 

.7:u 

i^  K 

.7 

W 

1.2  V 

^:V 

1.3  B 

.8:e 

1.2  00 

.6:a 

IX)  Ng 

.7 

z 

1.2  Z 

.7:Th 

I.I  P 

.8:0 

1.2  K 
la  St 

.6:B 
.6:P 
:St 

1.0 

IX) 
IX) 

« 

*Surd. 

All  but  one  of  these  poets,  Byron,  employs  his  sounds  ap- 
proximately in  the  ratio  of  ten  accented  to  eight  tmaccented  ones. 
Byron  uses  nine  unaccented  ones  to  every  ten  accented  ones.  We 
took  the  first  seven  accented  consonants  and  the  first  three  accented 
vowels,  and  the  first  five  unaccented  consonants  and  the  first  three 
unaccented  vowels  from  the  other  three  poets;  in  Byron's  case 
the  same  number  of  accented  sounds  were  used,  but  six  tmaccented 
consonants  and  three  unaccented  vowels  were  taken  to  make  his 
10:9  proportion.  Taking  then,  ten  accented  sounds  from  each 
of  these  x>ets,  and  the  proportionate  nimiber  of  unaccented 
source    xnd  arran^ng  t^^m  ir  a  line  nf  five  iambics  '^'th  the 
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most  used  sounds  in  the  more  prominent  places  in  the  line, 
namely  the  first  and  the  last  feet,  we  obtain  the  following  four 
experiments  : 

Keats:     Ni  rul  su  veed  ri  nest  it  el  ith  reen. 
Byron :    Zu  reen  tith  nole  der  tull  thin  sode  tu  reem. 
Tennyson :    Thu  ral  di  reet  thu  nime  ra  dees  un  tal. 
Arnold :    Thu  reen  din  lase  za  f ode  nil  tane  thu  leer. 

The  id: 8  and  the  10:9  proportions  are  fairly  well  kept  in 
these  combinations,  as  can  be  proven  by  counting  the  sounds. 
The  arrangement  of  sounds  is  quite  arbitrary,  but  in  making 
such  a  combination,  there  are  many  things  to  be  considered  be- 
sides mere  proportion.  For  example,  one  must  test  by  means  of 
his  ear  what  combinations  are  suitable  to  follow  one  another; 
and  when  strict  proportion  cannot  be  followed,  one  must  be 
judicious. 

If,  now,  we  take  the  next  ten  accented  sounds  in  the  lists,  and 
combine  with  them  the  proper  number  of  the  next  eight  or  nine 
unaccented  sounds,  we  have  the  following  experiments  for  these 
poets: 

Keats :    La  maz  mo  kif  de  poth  la  pam  we  ho. 
Byron :    Do  thav  15  pi  se  ke  da  thip  li  va. 
Tennyson :    Te  poz  li  bin  eng  wo  zite  nuf  we  nop. 
Arnold :    Re  moz  et  wik  sa  thu  we  zem  he  mi. 

(It  must  be  noticed  that  when  the  appearance  of  the  list  indicates 
that  more  than  three  vowels  to  seven  consonants  are  the  materials 
out  of  which  the  experiment  would  normally  be  made,  we  have 
followed  the  list,  rather  than  discarded  the  prominent  elements 
in  it.) 

These  experiments  were  presented  in  pairs:  first  the  two 
representing  Keats,  and  after  that  the  others  in  the  order  in 
which  they  occur  above,  finishing  each  poet  as  we  proceeded. 
Each  line  was  tapped  and  recited  five  times.  The  instructions 
were  to  read  the  line  over  until  it  became  easy  to  read;  but  not 
to  wait  until  associations  came  up;  then  the  tapping  and  reciting 
went  on  as  it  had  done  before,  the  instructions  again  being  to 
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"tap  at  each  accented  syllable."  A  few  of  the  subjects  prac- 
tised reading  the  lines  over  once  silently  and  tapping  at  the  same 
time,  in  order  that  full  preparation  for  the  experiment  would 
not  be  lacking.  The  idea  was  to  get  the  full  effect  of  the  line 
while  tapping,  in  order  that  the  motor  manifestations  could 
be  called  representative  in  the  fullest  sense  of  the  ivord.  The 
introspection  which  they  gave  for  these  experiments  follows : 

Keats  I.     (The  first  ten  accented  and  the  first  eight  unac- 
cented sounds.) 

Visual  imagery  of  maples  and  other  deciduous  trees  in  the  fall  of  the  year ; 
the  air  is  frosty  and  the  whole  soene  is  grayish;  very  objective. 

The  rhythm  feels  like  dance  music;  very  contagious;  thought  of  evening 
bells;  very  romantic.  Gentle  thing;  not  much  action  to  it;  a  little  Spencerian; 
deals  with  pastoral  things. 

Keats  11.    (The  second  group  of  Keats'  most  used  sounds.) 

Visual  and  auditory  imagery  of  the  surf;  also  of  fields;  sounds  go  well 
together.  Seems  short  and  broken  up;  compares  it  to  an  "Italian"  salad. 
Brings  imagery  of  the  sea;  thinks  of  something  like  the  "Ancient  Mariner." 
Not  very  active. 

Byron  I. 

Something  superficial  about  it;  kinaesthetic  and  visual  imagery  of  idij 
following  things  about.  Minor,  meditative  and  solemn;  attributes  this  to 
the  long  vowels;  thinks  of  something  like  "Crossing  the  Bar."  An  epic, 
recounting  adventures.    Deep  and  funereal. 

Byron  II. 

Active  thing;  relates  to  strength  and  power  and  brawny  arms.  Sounded 
like  the  speech  of  a  big-chested,  half-civilized  people  living  in  a  cold  dinukte. 
Rather  dramatic  and  superficial. 

Tennyson  I. 

Inactive;  sad  throughout;  subjective  thing.  Evokes  pity  and  compassion; 
elegiac  thing;  sorrow,  not  wild,  but  quiet  and  domestic  implied.  Very 
rhythmic ;  gives  a  feeling  of  solemnity  felt  in  the  midst  of  happy  surroundiiigs. 
Images  of  a  quiet,  restful  woodland  scene.  Asked  if  it  was  Tennyson.  Just  m 
little  dramatic;  not  quite  sincere.  A  little  tragic  and  sorrowful;  thinks  of 
."ate. 

Tennyson  II. 

Rhythmical  and  dramatic;  sounds  Shakesperean.    Kinaesthetic  imagery  of 
nany  motions  in  different  directions.    Makes  him  short  of  breath;  thinks  of 
uying  gladiators;  mentioned  "Heldenleben."    Ar    "explanation  in  some  dialect 
jf  an  unfo«^""ate  eve'**. 
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Arnold  I. 

Something  strong  and  military  about  it.  Rhythmic,  but  not  very  deep. 
Medieval  and  romantic;  seems  to  be  a  description.  Thinks  of  the  "Meister- 
singers";  active  and  objective. 

Arnold  II. 

Unpleasant  taste  images  aroused ;  something  psycho-pathic  about  it.  Inter- 
esting, but  not  emotional;  full  of  irritating  things;  more  like  conversation 
than  anything  else.  Leaves  one  a  Httle  gasping ;  sounds  like  some  one  timidly 
trying  to  recite. 

It  must  be  remembered  that  these  combinations  were  pre- 
sented to  the  subjects  without  their  knowing  what  poets  they 
represented;  nor  was  it  a  guessing  contest,  either;  no  stress  was 
laid  upon  an)rthing  but  a  good  reading  of  the  lines. 

There  follows  the  correlation  between  feeling  tone  and  motor 
discharge,  in  general,  for  all  the  subjects  in  the  above  experiments. 

Subject 

A.  M 94.3  91.0  104.9  NPU 

M.V 2.1           2.0  34  NPU 

Rnj 10  12  16  N  U  P 

B.  (as  above) 74.0        72.2  P  N 

34         3.6  N  P 

IS  17  N  P 

C.  "       "     92.5        82.0  P  N 

Z.6        55  N  P 

19  27  N  P 

F.         "       "    73.5         757        UP 

3.6  3.8        U  P 

17  18  U  P 

L.         "       "    72.0         74.8        UP 

3.2  2.7        P  U 

18  15  P  U 

N.        "       "    85.2         84.6        PU 

2.4  2.0        P  U 

12  II  P  u 

T.         "        "     75.3  774        UP 

3.0        3.7      U  P 

20  13  P  U 

W.       "       "    87.8         8S9         91.2  NPU 

2.3  2.5  24  U  N  P 
10            13            12                                 U  N  P 

Y.        "       "     39.9         41.9         52.0  N  U  P 

2.3  3.2  3.0  U  N  P 

15  17  19  N  U  P 
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Comparing  these  results  with  all  similar  correlations,  we 
find  that  none  of  the  subjects  have  remained  constant  during 
the  experiments,  as  is  evidenced  by  the  following.  A.'s  longest 
tappings  were  twice  for  the  pleasant,  twice  for  the  unpleasant  and 
twice  for  the  neutral.  B.'s  were  three  times  for  the  pleasant, 
twice  for  the  unpleasant,  and  once  for  the  neutral,  etc.  The 
whole  list  is  given  below. 

A.  P  2  U  2  N  2 

B.  P  3  U  I  N  2 

C.  Pi  U  2  N  2    (this  subject  did  not  begin  with  the  others) 

F.  P  3  U  I  N  2 

L.      Po      U3      N  3 

N.      P  3      U  I      N  I     (only  one  kind  of  judgment  was  made  in  one  series) 

T.      P  4  U  2  No 

W.     P  2  U  I  N  2    (only  one  kind  of  judgment  was  made  in  one  series) 

Y.      Pi  U  I  N  I     (this  subject  did  not  begin  with  the  others,  and  in 

one  series  made  only  one  kind  of  judgments) 

19  14  IS 

Comparing  the  M.V.  and  the  Rnj.  in  a  similar  manner  gives 
equally  varied  results. 

Let  us  now  consider  the  graphs  for  these  experiments.  Their 
resemblances  were  more  striking  than  their  differences,  and  it  is 
not  unlikely  that  the  reverberations  set  up  in  the  motor  con- 
sciousness just  by  this  new  material  were  too  strong  to  be  altered 
by  the  other  factors  involved.  In  the  first  place  it  was  found 
that  these  experiments  produced  a  much  lower  motor  output  than 
did  those  preceding  them ;  Idrel  had  reached  a  height  of  88.4  mm. ; 
none  of  these  reach  anything  above  78.8  mm.  (the  Arnold  II). 
Massing  together  the  P,  U,  and  N  judgments,  and  correlating 
them  with  the  amounts  of  motor  discharge  as  shown  by  these 
graphs,  we  obtain: 

PUN 

Arnold  II M.D.  av.  78.8  mm.  343 

Tennyson  1 78.6  711 

Byron  II y9^^  8          o           I 

Tennyson  II 78.0  441 

Arnold  1 77'^  441 

Byron  1 77.4  5           4           O 

Keats  II 77:2  711 

Keats  1 76.6  711 

This  comparison  would  seem  to  indicate  that  the  most  pleasant 
experiments  go  with  the  ^^^^rongest  and  fVie  weakest  tapn^^es. 
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while  the  most  unpleasant  tend  to  produce  those  which  are  mid- 
way between  the  greatest  and  the  least.  No  correlation  with  the 
feelings  of  activity  adds  anything  to  what  we  have  already  ob- 
served, that  sometimes,  and  sometimes  only,  the  feeling  of  ease 
means  longer  finger  strokes,  and  feelings  of  inhibition  and  diffi- 
culty mean  shorter  strokes. 

None  of  the  experiments  numbered  III  are  given  for  any  of 
the  poets,  and  hereafter  only  No.  I  of  the  first  three  is  presented, 
because  it  represents  better  than  do  the  others  the  differences 
in  sound  frequency  for  the  poet.  No.  Ill,  however,  was  con- 
structed by  combining  half  of  the  first  and  half  of  the  second 
of  the  above  groups  of  sounds,  Nos.  I  and  II,  to  illustrate  the 
poet's  use  of  those  elements  which  are  not  either  very  frequent 
nor  infrequent,  and  thus  we  had  a  set  of  three  experiments  which 
began  with  the  liquids,  and  ended  with  the  g^tterals  and 
fricatives. 

Experiments  numbered  IV,  V,  and  VI  in  the  case  of  each 
poet  are  transmogrifications  of  single  lines  of  poetry;  experi- 
ments VII,  VIII,  and  IX  are  lines  of  poetry  rearranged, 
keeping  the  accented  words  of  the  original  accented,  and  the 
unaccented  words  unaccented.  Experiments  X,  XI,  and  XII  are 
lines  of  poetry,  "clothed  and  in  their  rig^t  mind,"  and  for 
each  of  the  twenty  poets  experimented  upon  there  are  these 
twelve  experiments,  which  start  with  the  tonal  elements,  pass 
through  the  nonsense  verse  of  transmogrification,  through  also 
the  ungrammatical  poetry  into  the  normal  meaningful  lines 
from  which  all  had  been  ultimately  derived  that  preceded  them. 
Thus  we  had  240  experiments  upon  the  poets  arranged  in  such 
a  way  as  to  supply  sufficient  data  for  a  compact  thesis  in  itself. 
In  the  case  of  nine  of  the  twenty  poets,  the  same  material  en- 
tered into  the  transmogrifications,  rearrangements  and  the  mean- 
ingful lines,  so  that  Experiments  IV,  V,  and  VI  were  the  trans- 
mogrifications of  the  material  in  Experiments  X,  XI  and  XII 
respectively,  and  Experiments  VII,  VIII  and  IX  were  the  re- 
arrangements of  the  same  material  as  had  been  used  in  the  others. 
In  the  other  eleven  poets,  which  were  experimented  upon  first. 
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only  now  and  then  was  such  a  symmetrical  arrangement  carried 
out.  We  decided  upon  the  method  of  repeating  the  same  sounds 
in  three  different  relations  in  order  to  exactly  determine  what 
both  grammar  and  meaning  had  to  do  with  the  effects  of  the 
poetic  line  upon  the  motor  and  the  introspective  consciousness. 
But  only  in  the  case  of  four  of  the  poets  do  we  give  the  experi- 
ments from  IV  to  XII.  What  has  been  omitted  will  be  con- 
sidered in  later,  summarizing  paragraphs. 

It  was  the  purpose  at  first  to  obtain  experimental  material 
from  the  poets  which  would  duplicate  in  tonal  quality  Experi- 
ments I,  II,  and  III ;  after  a  futile  search  for  such  lines,  it  was 
given  up ;  too  many  extraneous  elements  entered  into  the  matter. 
In  the  first  place,  very  few  lines  of  the  poet  actually  follow  the 
tonal  pattern  of  the  first  experiment  in  our  series,  and  those 
that  do,  usually  contain  inverted  iambics,  if  they  contain  iambics 
at  all ;  in  the  second  place,  to  find  decasyllabic  lines  that  are  r^^- 
larly  accented  in  the  iambic  pattern  is  not  always  possible,  and 
when  such  are  found,  they  are  likely  to  be  some  of  the  poorest 
lines,  esthetically  considered,  that  the  poet  suffered  to  leave  his 
pen.  So  that  in  every  case  almost.  Experiments  I,  II,  and  III 
are  in  a  class  by  themselves,  and  the  other  nine  experiments  of  the 
series  are  in  another  class. 

The  Transmogrification  of  Single  Lines  of  Poetry 

The  business  of  transmogrifying  single  lines  of  poetry  is 
quite  difficult,  for  the  restrictions  placed  upon  one  in  this  woric 
are  very  rigid, — words  must  not  be  made,  and  sounds  must  not 
be  left  out;  again,  to  avoid  making  words,  one  may  have  to 
construct  a  very  badly  sounding  line,  and  sacrifice  to  the  purpose 
of  the  experiment  much  of  his  artistic  predilection  for  the  beauty 
of  tones ;  let  any  one  who  doubts  the  difficulty  of  the  matter  at- 
tempt the  task,  and  he  will  find  that  we  have  but  lightly  touched 
on  the  obstacles  to  be  encountered.  The  transmogrifications  we 
lave  used  in  this  experiment  are  but  a  fifth  of  the  number  whidi 
've  attempted  to  complete  with  satisfaction  to  ourselves. 

These  experiments  were  presented  in  the  order  in  which  they 
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merited  upon  were  Byron,  Keats,  Arnold  and  Tennyson,  and 
the  forty-eight  experiments  upon  them  were  well  imder  way  be- 
fore the  I  and  E  Experiments  had  been  completed.  This  was  a 
relief  to  the  subjects,  who  rather  chafed  at  the  idea  of  having 
so  many  similar  combinations  week  after  week. 

There  were  fifteen  experiments  performed  on  Keats,  but  we 
have  omitted  all  but  twelve  in  our  consideration,  because  we 
discovered  that  the  others  were  of  no  importance  for  the  work 
in  hand.  Our  original  plan  had  been  to  experiment  upon  very 
many  more  than  twelve  decasyllabic  lines  for  each  poet,  but 
time  did  not  allow,  and  this  had  to  be  given  up.  Neither  were 
the  subjects  able  to  react  to  twenty  experiments  an  hour  as  well  as 
to  twelve. 

The  introspection  for  the  Keats  and  Byron  experiments  is 
very  interesting  indeed,  from  the  very  start,  and  the  transmogri- 
fication of  the  famous  line  from  Byron's  "Apostrophe  to  the 
Ocean"  was  a  decided  success,  but  it  is  not  beyond  cavil  that 
the  line  may  have  contained  too  many  hints  at  the  sense  of  the 
original  verse. 

After  the  introspective  account  of  the  matter,  we  have  given 
the  numerical  results  which  we  shall  consider  at  once. 

Keats  IV.  Won  femz  e  nanj  ov  di  nal  ter  en  teev.,*  trans- 
mogrified from  "One  faint,  eternal  eventide  of  gems." 

Nothing  in  the  introspection  compared  to  the  original  mean- 
ing or  mood  of  the  line. 

Keats  V.  Too  zowb  ith  bind  tha  rawl  me  ting  win  ti.  From 
"To  bind  them  all  about  with  tiny  rings."    Introspection. 

Visual  imagery  of  a  farm ;  auditory  imagery  of  some  bells  ringing.  Sounds 
like  an  ode;  vocal  placement  seemed  forward  in  the  mouth.  Gives  a  light 
and  cool  effect;  the  sounds  vary  in  pitch  very  much;  more  resonant  than 
the  former  one. 

*  From  now  on  the  diacritical  marks  will  have  their  usual  significance  over 
single  vowels;  but  when  two  vowels  occur  together,  the  following  interpre- 
tation is  required :  ee  =  e ;  66  =  the  oo  in  **brook" ;  56  =  the  oo  in  "food'V 
etc;  a  as  in  "ask"  is  indicated  by  no  mark  at  all;  in  addition  to  this,  the 
ow,  aw,  ou,  oi,  and  other  diphthongal  sounds  are  pronounced  as  usual  in 
•English.  Differences  between  the  sonant  and  surd  th,  are  not  indicated  here^ 
though  they  were  in  the  experiment 
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Keats  VI.  A  thum  us  too  thu  bow  too  flandry  bide.  From 
**A  flow'ry  band  to  bind  us  to  the  earth." 

Very  rhythmic  line;  Chaucer's  poetry  came  to  mind.  Imagery  of  a  higb 
tower;  romantic  scene,  maybe  some  battle  being  narrated;  romantic  and 
idyllic.  "Flaundry"  a  strange  word;  thinks  of  "Flanders"  and  "laundry^ 
at  the  same  time. 

Keats.  Experiment  VII.  So  cooling  very  still  was  and  the 
air.    From  "The  air  was  cooling  and  so  very  still." 

Imagery  of  the  twilight.  Visual  imagery  of  a  bright  green  color.  Cool 
sensation  in  the  mouth.    Very  conscious  of  lips. 

Keats  VIII.  The  dwindled  of  its  trace  and  edgings  brim. 
From  "The  trace  and  dwindled  edgings  of  its  brim." 

Imagery  of  snow ;  "trace"  a  "cold"  word.    Feds  lips  to  be  very  active. 

Keats  IX.  Across  the  move  would  blue  a  little  cloud.  From 
**A  little  cloud  would  move  across  the  blue." 

Gives  an  inane  feeling;  "move"  and  "blue"  are  "sticky^  words;  "dotid" 
doesn't  go  with  them.  Cannot  say  "little  cloud"  fast  enough  to  suit  ^e  line. 
The  word  "across"  is  too  hard ;  the  "k"  sound  sticks.  Lips  rather  promineitt 
in  consciousness. 

Keats  X.    A  bower  quiet  for  us  and  a  sleep. 

Odd  that  the  gutteral  should  have  been  used, — ^'*quiet"  "Bower"  the  only 
"quiet"  sound.    Uses  too  much  breath  for  the  meaning. 

Keats  XI.    "With  lucent  syrops  tinct  with  cinnamon." 

Thinks  of  toddy  and  cordials;  just  the  opposite  kind  of  a  scene  came  up. 
Much  taste  imagery;  visual  imagery  in  bright  colors.  The  tine  hisses  too 
much ;  imagery  of  peppermint.    Tickles  the  tongue. 

Keats  XII.    "That  broodest  o'er  the  troubled  sea  of  mind." 

Mind  in  a  quiet  imcertainty.  Thought  of  Byron,  and  Hamlet;  visuafixed  m 
cliff.  Feeling  of  a  cosmic  melancholy.  Gives  a  gentle  melancholy;  ''mind" 
too  abrupt. 

Byron  IV.  Shun  dole  ow  rod  thu  nark  Wore  5  land  eep.  From 
**Roll  on  thou  dark  and  deep  blue  ocean,  roll." 

Visual  imagery  of  some  one  on  a  rock  by  the  sea;  sounded  like  a  fordgn 
language.  Subject  A. — Imagery  of  the  ocean,  in  a  storm;  the  jerky  effect 
here  is  justifiable.  B. — Imagery  of  a  shiip  on  the  ocean  in  stormy  westtier; 
seemed  to  take  more  force.  D. — Imagery  of  the  sea;  heavy  waves;  daik 
colors.  F. — Sea  imagery;  "nark"  is  very  hard.  "Blore  o"  is  the  blowing  of 
a  horn.  K. — Great  deal  of  resonance;  no  imagery.  L. — Sea  concepts  aroused; 
"-hinks  of  Norsemen,  etc;  very  thrilling.  M. — ^Feels  the  roar  of  the  ocesa; 
'isual  '"i^jr#*rv  very  n'cb      P. — Counting  bothered  a  '*ttle;  imagery  of  H«**- 
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land.    S.—Mixture  of  Persian,  Arabic  and  Hindustani  language;  great  deal 
of  imagery  of  the  ocean;  sounds  fill  the  mouth. 

Byron  V.  Thu  vi  land  sa  nil  ji  ta  fro  the  vee.  From  "The 
inviolate  island  of  the  sage  and  free"  (with  two  unaccented 
syllables  omitted). 

Narrative  poetry ;  thinks  of  natural  scenes.  A  gesture  could  do  it  all  better 
than  words.  Imagery  of  gaudy  colors ;  not  smooth  sounds.  Not  very  smooth ; 
especially  the  fourth  iambic ;  imagery  of  a  pastoral  scene.  Imagery  of  some 
big  man  saying  this  in  a  thunderous  voice.    lip  sensations  unpkasant. 

Byron  VI.  Has  mowd  sti  rine  wha  stesh  ra  mid  thu  krathe. 
From  "Amidst  this  wreck  where  thou  hast  made  a  shrine." 

Describing  a  very  interesting  place ;  something  troubled  and  dolorous  about 
it.  Implies  a  rough  activity.  All  the  sounds  very  unpleasant;  do  not  fuse. 
Too  staccato;  but  ''su  krath"  very  good.  Just  a  strange,  incon^rehensible 
language. 

Byron  VII.  "With  stirred  as  rose  her  dream  leaves  with  the 
air."  From  "Stirred  with  her  dream  as  rose  leaves  with  the 
air." 

Ethereal  quality  about  the  sounds.  Rhythmic;  thought  of  a  sleeping  girl 
The  words  "air"  and  "stirred*  the  best  of  all;  olfactory  imagery. 

Byron  VIII.  At  bluelit  moon  and  midnight  on  the  deep.  From 
"At  midnight  on  the  blue  and  moonlit  deep." 

Imagery  of  a  ship  at  midnight;  pleasant  self-feelings.  Smooth,  soft,  and 
gentle  combination. 

Byron  IX.  Upon  beheld  decline  who  hath  my  brow.  From 
"Who  hath  beheld  decline  upon  my  brow." 

Thinks  of  a  pessinustic  old  man.  Monotonous;  takes  too  much  breath. 
Thinks  of  some  unsuccessful  person, 

Byron  X.    "And  temple  more  divinely  desolate." 

"Emp"  sounds  pointed.  **Desolate"  just  suits  the  meaning;  it's  a  cold, 
blue  word;  "divinely"  doesn't  have  anything  to  do  with  the  line.  The 
"hiss"  in  "desolate"  very  expressive. 

Byron  XL    "Yet  I  was  born  where  men  are  proud  to  be." 

Prosaic  and  pessimistic;  sounds  very  resonant.  Very  strong  physical 
sensations.    "Yet"  always  a  vocal  surprise. 

Byron  XII.    "And  silent  rows  the  songless  gondolier." 

Very  dark  and  somber  feeling  induced.  "Silent!"  the  only  silent  word  in 
the  line;  "gon"  in  "gondolier"  is  too  gutteral.  Cheerful  and  lively  line 
in  spite  of  the  intended  meaning;  "songless  gondolier"  ^   -onoi  equivocation. 
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The  remarkable  thing  about  the  graphs  representing  these 
twelve  experiments  upon  Byron  and  Keats  was  that  in  nearly 
every  case  the  motor  discharge  for  the  Byron  Experiments  is 
greater  than  that  for  Keats,  and  the  final  averages  showed  that 
the  combined  finger  movements  for  the  Byron  experiments  were 
eighteen  metres  longer  than  they  were  for  Keats.  But  we  must 
not  be  too  sanguine;  the  tonal  elements  in  Byron  are  not  the 
ones  which  have  hitherto  been  those  arousing  the  strongest  re- 
actions, and  the  fact  that  Keats  was  experimented  upon  first  may 
indicate  that  we  have  only  practise  curves  before  us  in  this  in- 
stance. But  there  was  something  rousing  and  enthusing  in  all 
the  Byron  experiments  which  the  subjects  did  not  find  in  those 
on  Keats,  which  may  account  for  the  matter  more  exactly.  The 
character  of  the  lines  transmogrified  and  employed  in  other  ways 
is  very  different  for  the  two  poets,  as  any  one  can  see  from  a 
glance  at  the  material;  but  whatever  may  be  the  nature  of  the 
individual  sounds  used  in  the  above  experiments,  we  find  here 
that  order  and  arrangement  are  potent  factors,  and  single  deca- 
syllabic lines  may  produce  different  effects  than  do  larger  pew- 
sages.  One  could  also  notice  in  these  graphs  the  form  quality 
of  the  decasyllabic  groups, — the  regular  thing  in  a  rhythmic  line 
is  for  the  first  and  the  last  feet  to  demand  more  motor  discharge 
than  the  intermediate  iambics.  And  the  form-quality  of  the 
Byron  lines  always  differed  from  those  of  Keats.  Again,  the 
mean  variation  of  the  tappings  for  the  meaningful  lines  is  less, 
according  to  the  graphs,  than  it  is  in  the  first  six  of  the  experi- 
ments for  these  poets. 

Every  one  will  admit  that  Byron  is  a  more  oratorical  poet  than 
Keats,  and  that  there  is  a  power  and  vigor  to  Byron's  poetry 
which  is  not  found  in  any  other  English  poet.  It  would  seem 
that  the  temperamental  character  of  the  poet  had  gotten  into 
these  experiments,  and  that  also  the  quieter  and  more  pastoral 
riature  of  Keats  had  not  been  omitted  from  the  experiments 
which  we  graphed  with  those  of  Byron.  It  is  admitted  that  the 
experiments  were  made  with  the  different  poets  in  mind,  and  that 
-rpri  flip  f^t-st  th-  ^e  experimentc  werp  patterned  upon  what  was 
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conceived  to  be  the  poet's  tonal  characteristics,  but  the  results 
are  what  they  are,  and  whether  from  one  cause  or  another,  they 
show  that  the  experiments  on  Byron  called  for  the  more  activity 
on  the  part  of  the  motor  consciousness.    This  is  enough. 

The  next  experiments  to  be  considered  and  compared  are  those 
on  Arnold  and  Tennyson. 

Arnold  IV.  Nor  hi  but  smord  hiz  neerd  ukt  lod  6m  wabez. 
From  "But  he  looked  on,  nor  smiled,  nor  bared  his  sword." 

Thinks  of  a  "Ixattle;    (but  "smord"  never   meant  "sword"   conscior^). 
"Smord"  and  "neerd"  indicate  the  presence  of  trouble.  • 

Arnold  V.  Lo  mordz  um  stur  dile  hus  ker  mize  hiz  mafe. 
From  "Like  some  old  miser  Rustum  hoards  his  fame." 

Tragic  narrative  poetry. 
"Hius"  the  highest  tone  in  the  line. 

"Mafe"  not  very  pleasant;  the  auditory  consciousness  much  more  pleasant 
than   the   reading  consciousness. 

Arnold  VI.     Zi  nold  be  krem  es  laj  e  riild  sho  hize.     From 
Behold,'  she  cries,  'so  many  rages  lulled.' " 

"Z"  the  prominent   consonant. 

"Kremlin"  aroused  by  "krem." 

Seemed  to  be  a  "begging  S3rmphony"  of  the  Mohammedan  beggars. 

Arnold  VII.    As  she  her  echo  stormy  screams  sails  by.    From 
Echo  her  stormy  scream  as  she  sails  by." 

"S"  the  right  sound  for  this  meaning. 

Imagery  of  excited  movement. 

The  "s"  sounds  are  very  unpleasant;  sounds  like  a  poorly  oiled  wheel. 

"Sails"  too  heavy  a  word  for  an  unaccented  syllable. 

Arnold  VIII.    All  who  pained  desert  lion  some  of  day.    From 
Of  some  pain'd  desert  lion  who  all  day." 

Hard  to  say  "pained"  in  the  time  allowed. 

The  words  "some"  and  "desert"  disturbed  the  rhythm. 

Arnold  IX.     Her  it  the  glass  lake  flying  over  shall.     From 
Shall  the  lake  glass  her,  flying  over  it." 

Sounds  very  pleasant;  gives  a  "thin,"  damp  feeling. 

Lips  much  in  consciousness. 

Mood  aroused  akin  to  that  of  Wordsworth's  Lucy  poems. 

Arnold  X.    "The  sails  that  gleam  a  moment  and  are  gone." 

"Can  this  be  the  same  poet  as  the  last  nine  experiments  illustrated  ?* 
Liked  the  sense  but  not  the  sounds  or  rhythm. 
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Arnold  XI.    "Before  this  strange  disease  of  modem  life.' 

Sounds  unpleasant  per  se;  "s"  too  frequent. 

"Strange/'  very  unpleasant  and  nasal;  the  "em"  of  modem  also  a  bad 
sound. 

Arnold  XII.    "He  lies  in  death  upon  the  common  sand." 

"Death"  as  a  sound  is  very  .pleasant  here ;  one  cannot  expand  while  saying  it. 
The  words  "common  sand"  go  too  quickly  for  the  meaning. 

Tennyson  IV.    For  tharing  kern  he  toft  a  seefly  thile.    From 
**He  therefore,  turning  softly  like  a  thief." 

Thinks  of  the  ocean  and  the  surf;  "a  cynical  line." 
Means  something  soft,  quiet,  and  subdued ;  "kern"  is  a  lovely  word. 
The  letter  "k,'*  while  dissonant,  only  brings  out  the  harmony  of  the  otiier 
sounds  the  more. 

Tennyson  V.    A  whil  in  dost  ur  genward  nispers  eep.    From 
"Again  in  deeper  inward  whispers  'lost'." 

Thinks  of  a  soft,  subdued  scene;  evening. 
Thinks  of  whirling  dust;  whispers;  deep;  etc. 
Thinks  of  Gray's  Elegy. 

Tennyson  VI.    Whar  lamz  too  urking  wile  too  Msk  Sn  v5m. 
From  "Scorning  an  alms  to  work  whereby  to  live." 

*Vorn"  is  Scandanavian ;  thinks  of  the  early  Britons. 

'Lamz"  =  "lambs,"  but  they  were  not  frisky;  something  dark  and  weari* 
some  about  the  line. 
"Urk"  brings  a  dead  stop. 

Sounds  like  Matthew  Arnold;  "urk"  a  little  hard. 
Very  personal,  and  sad ;  gloomy  melancholy ;  fatalistic 
Implies  a  moral  situation. 

Tennyson  VII.    But  will  made  fate  in  weak  by  time  and  strong. 
From  "Made  weak  by  time  and  fate  but  strong  in  will." 

Uninteresting,  abstract,  philosophical. 

The  sounds  too  short  for  the  meaning. 

The  sense  takes  away  the  pleasure  of  the  sounds. 

Tennyson  VIII.    Now  crimson  sleeps  the  now  the  petal  white. 
From  "Now  sleeps  the  crimson  petal,  now  the  white." 

Imagery  of  carnations,  visual  and  olfactory. 

**Crimson"  visualized  as  "pink." 

The  sounds  are  good  even  without  meaning. 

The  sounds  of  the  word  "petal"  are  too  light  for  the  rest  of  the  fine. 

"Crimson"  the  best  sound  of  all;  thinks  of  English  pudding. 

Tennyson  IX.     To  scorning  live  whereby  an  alms  to  work. 
From  "Scorning  an  alms  to  work  whereby  to  live." 

Stupid  sort  of  a  line;  "scorning"  a  dreadfully  "hard"  word. 
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Laborious  cotnbination ;  has  internal  bodily  strains. 
Didn't  feel  that  the  tapping  was  at  all  expressive. 

Tennyson  X.    "And  on  the  mere  the  wailing  died  away." 

Rather  onomatopoetic ;  but  "died"  has  a  little  too  much  movement  about  it. 
Tried  to  be  sad,  but  did  not  succeed. 

Tennyson  XI.    "The  silent  water  slipping  from  the  hills." 

The  word  "silent"  means  distance  and  seclusion. 

"Sliding"  would  have  been  better  than  "slipping"  for  onomatopoeia;  the 
short  "i"  is  too  full  of  impact. 
Too  much  sound  for  the  sense. 
Sounds  slightly  artificial  and  banal. 
"Slipping"  is  most  annoying;  gets  no  motion  out  of  the  line. 

Tennyson  XII.    "And  all  the  coverlid  was  cloth  of  gold." 

'^Coverlid"  strangely  pleasant  for  a  "k"  sound. 

Nasal;  "cloth  of  gold''  pleasant  to  say;  but  got  iHsual  imagery  of  a  scarlet 
cloth. 
"Gold"  the  conspicuous  word. 
Mouth  seems  very  open  in  the  last  two  feet. 
"Ud"  doesn't  fit  in. 
Something  "insincere"  about  it. 

As  typical  of  the  numerical  results  obtained  from  the  experi- 
ments numbered  I  to  XII,  we  present  those  for  Tennyson.  First 
a  table  showing  the  results  from  the  mean  o'f  the  tappings  for 
each  subject  arranged  both  according  to  feeling-tone  and  also 
to  the  triadic  grouping  of  the  experiments  as  outlined  above.  In 
the  first  column  stand  the  abbreviations  for  the  names  of  the 
subjects,  and  in  the  last  column  the  averages  of  the  tappings  for 
the  pleasant,  unpleasant  and  neutral  experiments,  regardless  of 
group. 

The  next  table  presents  the  same  results  qua  mean  variation. 
And  the  third  table  shows  the  rank  lists  which  exhibit  the  acme 
of  the  steadiness  attained  in  this  whole  group  of  240  experiments. 
The  mean  alone  appears  to  be  significant  in  point  of  comparison 
with  the  general  psycho-motor  correlations  hitherto  obtained. 

TENNYSON,  EXPERIMENTS  I-XII.     MEAN 

Subject  Mil  IV-VI  VII-IX  X-XII  Av. 

A.  P 86.3  81.6           874  90.0  86.3 

U ^7,6          89.6  87.7  88.3 

N 935  93.5 

B.  P.    75^  7^'S  78.8  77-7 

U.   80.1  75.8  79.1  78.3 

N 83.8  83.8 
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C.  P.    91^  97.9  83.S  76^  8«> 

U 87^         ^J-Z 

N «r.9         87^ 

D.  P.   103.8  1044  102.6  106.1  104^ 

U ^Z         96x>  97.9  97.6 

N 96.8         96.8 

F.  P.   82X)  79.9  813.0  8a5  814 

U 77^  73^  79^         7^j6 

N 77.0  808  78^9 

K  P.  56.1  47J9         SO^  51^ 

U 474  49.1  48w2 

N 524          524 

L.  P 69.3  ^-3  77-1  78.S  73.1 

U 70J2         80.9  83s  78L2 

N 69.0          69UO 

M.  P.  Ssjo  87^          aS4 

U 85^  80.1  90i5  85.7  854 

N 85.7         8a8  8^^ 

P.  P.    127.0  131.2  131.7  134J  I5ix> 

U 127.9         M7^ 

N 1324         1324 

S.  P 113.5  111.3  ma  112^ 

U tisjS         115^ 

TENNYSON,  EXPERIMENTS  I-XII.    M.V, 

Subject  I-III  IV-VI     VII-IX  X-Xn  At. 

A.  P 3.7  2.3  4.7  3.8  3j6 

U 4.1  3^  M  » 

N 34         3^ 

B.  P 3.9  «          44  4^ 

U 7.1  44  5^         S7 

N 4.5          4-5 

C.  P 4.0  4.7  4^  4^  4^ 

U 7.1          7.1 

N 3.8         3^ 

D.  P 3.8  1.7  14  ajo 

U 3^         4.0  2S 

N 5.6  5^ 


u 


F.  P 4.5  6.0  54  4JS  M 

u 3.7  4.5  6.1       4^ 

N 4.3  7^  S7 

K.  P 6.2  S3          6jO  sB 

H ^-^  5.5  S9 

>'    "^'7         5^ 
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L.  P 5.1  4.1  4^  3.7  44 

U 34  3-7  3.6  3-0 

N S.I  S.I 

M.    P 24  5.0  Z'7 

U 3.9  43  3^  54  43 

N 4.1  4.r  4.1 

P.  P 1.7  2.0  1.6  2.0  i^ 

U 2.4         24 

N 2.6  2.6 

S.  P 2.0  3.I)  2.6  2^ 

n!  !!!!!!!!!!!!!!!!!!!!!!!!!    2.8       —       —       —        2^ 

Tennyson.    Rank  Lists.    Experiments  I-XII. 

Subject  Mean 

A.  cgf   deggf   fggg 

B c   d  c   e   d   d   c   d  b   f   a   b 

C g   f   g  g   f   f   e   e   e   d  b      c 

D.  h  (throughout) 

F d     c      d      f      c     c     d     b     d     b     c      e 

K.  a  (throughout) 

L.   b  (throughout) 

M f      f      e      c     g     c      f      gg     e      f      f 

P j   (throughout) 

S i  (throughout) 

MV. 

A d      f      e      g     c      e      b  g  e  f  d  h 

B h      i      g      e      g      f      c  j  h  j  f  d 

C b      h     T      f      h     d      j  b  d  d  g  i 

D e      c      d      a      a      a      i  a  f  a  a  c 

F g     g      f      j      j      g     h  f  i  h  i  g 

jjihijfijejj 

L i      d     h      d     c      i      g  e  g  ^  e  e 

M {      e      b      i       f      h      c  c  c  i  h  f 

P a      a      a     c      d     b      a  b  a  t>  b  a 

S c      b      c      b      b      €      d  d  b  c  c  b 

Rnj. 

A e      g      g      d      b      f      b  f  d  i  d  i 

B f      j       e      e      f      g      d  g  g  j  g  b 

J b      i       f      h      h      c      j  h  e  f  f  g 

D a      b      b      c      a      b      g  b  j  a  b  c 

F.  g      h      h      g      i       i       f  d  h  g  j  h 

jfjijjejidij 

L.   i       di       fddi       efccf 

M h      e      d      j      e      h      c      c      c      h      h      e 

P c      a      a      a      g      a      a      a      a      b      a      a 

S d      c      c      b     c      e      h      i      b      e      e      d 

In  the  experiments  upon  Byron  and  Keats,  subject  A.  was  the 
only  one  who  gave  longer  tappings  for  the  pleasant  than  for 
the  unpleasant  lines ;  D.,  L.,  and  P.  do  the  opposites  in  both  cases; 


68  ROBERT  CHENAULT  GIVLER 

all  the  rest  of  the  subjects  are  apparently  inconsistent.  In  the 
experiments  upon  Arnold  and  Tennyson  subjects  B.  and  C.  give 
the  longer  tappings  to  the  pleasant  lines ;  D.,  K.,  M.,  and  P.  do  the 
opposite,  and  the  rest  of  the  subjects  are  again  self-contradictory, 
to  a  more  or  less  degree.  The  apparent  conclusion  is, — ^new 
material,  new  motor  manifestations. 

Both  of  the  rank  lists  for  the  mean  (Arnold  and  Tennyson) 
are  splendid, — indeed,  they  are  rarely  ever  so  consistent  there- 
after. But  the  rank  lists  for  the  mean  variation  and  the  range  are 
not  as  consistent  as  they  have  been  before. 

From  the  graphs  for  this  work  it  was  noticed  that  in  every 
case,  the  Tennyson  experiments  took  a  shorter  time  to  be  spoken 
than  did  those  of  Arnold.  Also  in  graphs  X  to  XII  appeared 
much  more  form  quality  in  the  Tennyson  than  in  the  Arnold 
graphs.  Even  in  the  final  average  for  all  twelve  experiments 
this  character  is  well  defined.  Again  it  is  concluded  that  there  is 
something  about  the  sounds  or  the  arrangement  of  the  sounds  in 
the  Tennyson  experiments  which  caused  the  fingers  of  the  ten 
subjects  to  move  eighteen  metres  more  while  tapping  the  Tenny- 
son experiments  than  while  tapping  those  for  Arnold. 

We  find  also  that  characteristic  feeling-tones,  moods  and  the 
like  are  correlated  with  the  type  of  motor  discharge  which  ac- 
company them.  Where  one  is  individual  and  significant,  so  is 
the  other.  Not  only  were  the  Byron  graphs  indicative  of  a 
greater  length  of  tapped  strokes  than  those  of  Keats,  and  the 
Tennyson  than  the  Arnold,  but  also  the  general  appearance,  the 
steadiness,  the  form  of  the  graph  began  at  least  at  the  tenth 
experiment  on  these  poets,  and  very  frequently  before  this,  to 
take  on  an  individuality  as  drawn  on  paper,  as  much  as  did  the 
content  and  quality  of  the  lines  as  spoken  and  understood.  So 
that  the  motor  expression  we  had  used,  namely  the  tapping 
movements  of  the  right  index  finger,  appeared  to  be  not  only 
one  that  tended  toward  automatism,  but  also  one  that  drained 
away  the  general  somatic  supply  in  a  manner  characteristic  to 
the  poet  and  fitting  to  the  purpose  in  hand.  A  fair  analogy  to 
this  is  found  in  the  case  of  singers  sympathetically  accompanying 


ELEMENTS  OF  SPEECH  IN  RELATION  TO  POETRY         69 

themselves  upon  the  piano;  where  the  two  forms  of  musical 
expression  are  identical,  at  least  functionally,  in  so  many  ways 
as  to  be  regarded  as  indicative  of  that  unity  of  the  esthetic  con- 
sciousness which  in  this  particular  instance  expresses  itself  in 
blends  of  behavior. 

To  take  up  each  poet  or  each  pair  of  poets  who  were  experi- 
mented upon  would  be  too  tedious,  and  so  we  shall  now  turn  to 
a  consideration  of  the  rest  of  these  240  experiments  only  insofar 
as  they  supply  data  for  the  main  thesis  involved  in  our  problem. 
At  the  end  of  the  series  there  appear  two  very  interesting  tables, 
which  summarize  and  focus  the  matter  of  the  correlations  in  a 
very  interesting  way.  One  generalization  is  not  out  of  order 
in  this  connection, — the  lyrical  poets,  as  every  literary  man  well 
knows,  have  employed  a  phonetic  device  which  the  other  poets 
have  not;  name  the  lyric  poets,  and  you  name  the  users  of  liquid 
sounds  in  their  poetry ;  name  again  the  lyric  poets,  and  you  have 
named  those  not  only  whose  lines  transmogrify  best,  but  also 
those  who  will  produce  in  these  tappings,  as  recorded  in  the 
graphs,  the  finer  form  quality  of  the  curve  of  the  motor  discharge. 

At  the  end  of  the  introspective  and  other  reports  of  the  ex- 
periments upon  these  remaining  sixteen  poets,  we  shall  consider 
the  graphs  for  all  of  them. 

Coleridge  I.    Thu  nase  ta  neel  ri  tam  din  rade  thu  leer. 

Reminds  him  of  the  sound  of  cymbals. 

Sensations  cluster  around  "n"  and  "s." 

Very  highly  colored  sotmds. 

"ET  is  conspicuous;  imagery  of  the  sea. 

Stays  in  the  mouth. 

•Consonants  more  prominent  than  the  vowels. 

Coleridge  IV.  Ru  thad  tha  bang  tis  leet  sta  rusk  ti  pa.  From 
"Beat  its  straight  path  along  the  dusky  air." 

Visual  imagery  of  rustic  scenery ;  simple  concept. 
Sounds  run  back  and  forth  in  the  mouth. 
•Hard  to  say  "sta  rusk."    Rather  quiet  sounds  otherwise. 
Sounds  like  water  gushing  and  then  flowing  smoothly. 
Something  Russian  about  it ;  more  epic  than  lyric. 

Coleridge  V.  Ri  voze  ka  stron  sov  morst  ba  fand  thu  wame. 
From  "A  storm  of  waves  breaks  foamy  on  the  strand." 

Has  a  funereal  air ;  imagery  of  scenes  of  death. 


70  ROBERT  CHENAULT  GIVLER 

"Wamei"  means  country  life. 
Images  somebody  laboring  under  a  burden. 
Felt  as  if  standing  at  bay,  in  desperation. 
Forceful ;  hard  sounds,  but  not  tmpleasant 
Sounds  like  a  strong  rebuke. 

Coleridge  VI.    Thu  zurv  les   noom   all  blether  wilden  foge. 
From  "All  golden  with  the  never  bloomless  furze." 

Some  idea  of  blessing,  or  piety  called  up. 

Seems  lUce  the  last  words  of  a  narrative  of  fighting. 

Weather  and  fog  and  ocean  thought  of. 

Gives  a  cold  and  lonely  feeling. 

Something  cloudy  and  wild  and  inconsistent  about  it. 

Gives  him  a  "fuzzy^  feeling;  ghost  story. 

Wordsworth  I.    Thu  rin  din  lase  ra  zeem  ti  rit  thu  tane. 

Very  natural  sounds ;  gives  a  relieved,  placid  feeling. 
Too  nasal;  imagery  of  skipping  along. 
The  whole  line  a  balance  between  soft  and  loud  sounds. 
The  "t"  sound  predominated. 

Wordsworth  IV.    Thu  greem  that  brillz  toor  zong  Snd  hovez  S 
thane.    From  "That  nature  breathes  among  the  hills  and  groves/' 

Thinks  of  the  "Lady  of  Shallott"  and  of  "Launcelot."    In  apite  of  the  "jf 
sounds,  it  seems  far  forward  in  the  mouth. 
Felt  in  the  nose;  imagery  of  fields  in  a  brilliant  green. 
"Greem"  gives  a  shock ;  "zong,"  "toor"  and  "hoves"  bring  up  bovine  concept 

Wordsworth  V.     Ov  tathe  im  tose  ro  si  hav  lors  til  meez. 
From  **Our  souls  have  sight  of  that  immortal  sea." 

Recalls  moral  ideas. 

Sounds  all  pleasant. 

Very  easy  to  say ;  vocalized  well ;  no  imagery. 

Once  almost  got  a  meaning  but  lost  it. 

Wordsworth  VI.    H56  kron  thu  set  with  stadz  6v  niding  bom. 
From  "Who  crossed  the  sands  with  ebb  of  morning  tide/' 

Sounds  important;  "kronz"  =  crowns. 

Epical  sounding  thing. 

The  "z"  sounds  very  effective. 

Shelley  I.    Nid  ren  dat  rul  tal  meed  run  tes  ther  nul. 

Every  foot  pleasant,  but  the  line  disconnected. 
Front  of  the  mouth  used. 

Sounds  do  not  fuse:  each  foot  is  distinct,  yet  smooth. 
Sounds  gloomy  and  melancholy. 

Surprised  because  it  went  so  smoothly;  especially  since  all  the  sotindi 
short  and  emphatic. 
"Ther  null"  meant  "thermal,"  "diurnal";  very  resonant. 
The  "d"  and  "t"  sounds  predominate. 
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Shelky  IV.     When  sov  thu  nesh  dol  gress  her  thon  thu  ree. 
From  "When  on  the  threshold  of  the  green  recess." 

Mediocre  poetry;  the  "s"  sounds  mar  it  again;  "sov"  makes  the  lips  come 
into  focal  consciousness. 
Very  strong  rhythm. 
Lyric  sort  of  a  thing.    Visual  imagery  of  out  doors. 

Shelley  V.    Be  quiving  theenerd  zarm  our  twiter  nin.    From 
^'Quivered  beneath  our  intertwining  arms." 

Refers  to  some  very  romantic  scene. 

Something  akin  to  coquetry  thought  of;  slight  sexual  feeling  connected 
with  it. 
Arouses  many  emotions. 
"Twiter"  particularly  pleasant. 
"The  R  sounds  prominent." 

Shelley  VI.    That  flogy  looth  up  lengerz  miv  at  ron.     From 
^'At  length  upon  that  gloomy  river's  flow." 

"Flogy**  seemed  sexual;  conscious  of  the  roof  of  the  mouth. 
"Flogy  looth"  is  a  lovely,  slippery  combination;  thinks  of  seaweed  on  the 
rocks. 
The  "g"  sounds  suffocate. 
Gives  that  feeling  of  uneasiness  one  has  when  shadowed. 

Marlowe  I.    Rin  ten  thu  rile  da  zade  ut  si  thi  net. 

Great  variety  of  sounds  in  it. 

Seems  to  occupy  the  middle  of  the  mouth  cavity. 

Very  little  buoyancy  or  warmth. 

Something  explanatory;  expansive  feeling. 

Marlowe  IV.    Thu  denchilz  quare  in  chevless  fanez  6v  thire. 
From  "The  devils  there  in  chains  of  quenchless  fire." 

Feels  lips  touching  eye-teeth ;  thought  of  something  tragic  or  mock  heroic 

Forceful  sounds;  thinks  of  "fame,"  "Macbeth,"  etc. 

Very  energetic  and  sturdy;  sounds  forward  in  the  mouth. 

Epic  line;  invites  bellowing. 

Marlowe  VI.     Thu  wurj  or  tekt  be  droot  na  ser  dra  murld. 
From  **Be  termed  a  scourge  and  a  terror  to  the  world." 

Seems  around  the  front  of  the  mouth. 

Thinks  of  the  growling  of  a  lion;  wild  and  forceful  sounds;  they  fill  the 
mouth  full. 

Too  many  consonants;  feels  like  being  whirled  about  in  a  drde  and  left 
breathless. 

Sounds  like  angry  swearing. 

Cowper  I.    Nud  ras  ti  nil  ma  zet  rin  des  du  ran. 

Tiresome,  disconnected  sounds. 
Seemed  to  be  inhibited. 
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"If  said  low  and  quietly,  it  was  pleasant.*' 
Gives  an  attitude  of  confidence. 
Sounds  like  the  narrative  of  a  traveler. 

Cowper  IV.     Thu  nem  that  hife  as  van  di  meedz  ^  dire 
From  "The  deeds  that  men  admire  as  half  divine." 

Located  at  the  lips ;  kinaesthesis  the  basis  of  the  pleastire. 
Gives  a  vague  idea  of  something  confidential. 
The  "ad  van"  very  prominent. 

Cowper  V.     With  nem  i  pid  and  iis  kon  ti  rS  nad.     From 
"With  mad  rapidity  and  unconcern." 

Has  a  silly  and  foolish  meaning. 

Located  forward  in  the  mouth ;  imagery  of  indefinite  activity. 

Prevalence  of  short  vowels  noticed. 

"Us"  is  peculiar  to  accent;  this  the  focal  point 

"Pid"  balks  one;  induced  a  feeling  of  spunkiness. 

Cowper  VI.    In  shurz  re  kozement  zuv  thii  fore  he  lent.  From 
"Incurs  resentment  for  the  love  he  shows." 

Feels  it  located  back  in  the  mouth. 
Not  very  energetic;  gives  a  cool  effect. 

Milton  I.    Thu  ril  tin  leet  re  tise  da  ned  nu  ro 

Front  part  of  the  mouth  in  consciousness. 

First  two  feet  give  a  sense  of  levity,  last  two,  gravity. 

Not  emphatic,  but  most  agreeable  and  lovely ;  gave  many  pleasant  thrills. 

The  "t"  and  "n"  sounds  tended  to  interchange. 

Milton  IV.    The  diz  and  tild  yoo  wis  shun  wa  mal  sate.  From 
"The  dismal  situation  waste  and  wild." 

Thought  of  the  words  "wistful  way." 

The  sounds  feel  frigid ;  imagery  of  a  cold  country. 

Very  easy  to  say ;  sounds  like  an  oration. 

Milton  V.    At  boze  he  chan  tel  mast  hiz  twilt  Snd  rool.  From 
"At  last  he  rose  and  twitched  his  mantle  blue." 

Suggests  early  English  romanticism;  maybe  fighting;  feels  as  if  the  front 
of  the  mouth  alone  were  used. 
Calls  up  Scotch  scenery. 

Trace  of  quiet  and  melancholy  in  "bloze";  rhythmic. 
Calls  up  some  martial  attitude. 

Milton  VI.    Me  tase  i  lawt  mi  sount  &  paze  ed  thaw.    From 

"Methought  I  saw  my  late  espoused  saint." 

Very  conscious  of  the  mouth  sensations. 
A  quiet,  peaceful  description. 

Rossetti  I.    Ni  ril  thur  dete  za  mes  rut  le  di  rin. 

Ki"a''sthf»«s»s   rather   forward. 
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Not  musical,  but  impressive 

Felt  as  if  "mes"  and  "rin"  were  light  spots. 

Perhaps  a  description  of  nature;  "t,"  "d"  prominent. 

Rossetti  IV.    Too  nudz  ten  sprole  too  zing  this  gine  set  wes. 
From  'Tonight  this  sunset  spreads  two  golden  wings." 

Rhythmical ;  imagery  of  a  sunset. 

"Too  zing"  and  "set  wes"  charming. 

Seems  like  walking  haltingly;  five  separate  feet. 

Feels  like  setting  his  teeth. 

"Z"  and  "s"  quite  prominent. 

Rossetti  V.    Thu  wed  6v  dinth  im  ser  ish  wuble  ping.    From 
"The  wind  of  death's  imperishable  wing." 

Mysterious  and  humorous. 

Kinaesthesis  goes  from  ^  throat  to  the  lips  and  back.    Imagery  of  some 
red  scene  in  nature. 
The  last  three  syllables  seemed  strangely  inadequate. 
Seems  like  climbing  a  hill  to  a  level  path. 
Warmly  emotional,  but  no  meaning. 

Rossetti  VI.     Thu  shounding  nise  thu  soudz  a  rite  thu  lore. 
From  "The  sighing  sounds,  the  lights  around  the  shore." 

More  magnificent  than  pleasant ;  visualizes  Niagara. 

Thinks  of  the  roar  of  water;  sounds  dental  and  palatal. 

Thinks  of  an  enormous  wide  ocean. 

Description  of  an  imposing  natural  scene,  either  mountains  or  the  sea. 

Shakespeare  I.    Thu  trel  tin  rad  nur  tin  dSt  si  thu  nil. 

Sounds  musical  and  rhythmic. 

Seems  to  lie  in  the  forward  part  of  the  mouth. 

Has  a  latent  meaning  of  some  kind ;  very  musical. 

Very  light  and  lyric. 

Melodious;  firm  sounds,  yet  not  obtrusive. 

"N**  and  "t"  prominent,  but  not  hard  this  time. 

Shakespeare  IV.     A  kree  zen  swev  thSt  zi  est  hote  m  flare. 
From  "A  crow  that  flies  in  heaven's  sweetest  air." 

Seems  all  in  the  roof  of  the  mouth ;  visual  imagery  of  a  stream,  also  of  flame. 
Too  many  "z"  and  "s"  sounds. 

Thinks  of  some  national  affair,  such  as  "conditional  dependency." 
Seems  to  be  a  description  of  a  big  fire. 

Shakespeare  V.  Thu  prime  her  kov    zal  bur  li  pa    kri  vuU 
From  **Calls  back  the  lovely  April  of  her  prime." 

Kinaesthesis  not  localizable.    Every  iambic  is  an  isolated  meaning. 
Pitch  rises  to  the  middle  and  then  descends. 
Very  mysterious  and  splendid. 
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Shakespeare  VI.    Me  kloum  hath  reet  him  f  rask  thfi  now  jun. 
dom.    From  "The  region  cloud  hath  masked  him  from  me  now." 

Seems  to  descri4>e  a  little  animal  freeing  himself. 
Kuiaesthesis  elusive ;  something  energetic  about  it 
Seems  to  describe  the  frisking  of  a  clown. 
Describes  a  jolly  May  festival  on  the  very  green  grass. 
Very  amusing;  burlesque;  anticlimax; 

Spenser  I.    Rin  deer  du  nis  ta  mite  nuz  rel  ri  deen. 

Felt  in  the  front  of  the  mouth ;  likes  R,  M,  N,  and  V. 

Hard  to  say;  feels  as  if  the  sounds  were  projected  from  the  mouth. 

Nasal,  especially  the  "d-n,*  "n-d"  combinations. 

Queer ;  sort  of  an  old  fashioned  dignity  about  it 

Spenser  IV.    And  ding  ov  tins  and  sa  dis  len  tul  jeedz.    From 

'''And  sing  of  knights'  and  ladies'  gentle  deeds." 
Superficial  and  humorous ;  his  mouth  seemed  to  wear  a  grin. 
Couldn't  get  it  out  of  the  back  part  of  his  mouth. 
"Z"  too  prominent 

Spenser  V.     Be  dole  a  la  him  fidly  vur  di  sare.     From  **A 
lovely  lady  rode  him  fair  beside." 

Located  forward  in  the  mouth. 

Smooth ;  a  ballad  of  some  sort ;  love  poetry. 

Spenser  VI.    Thar  dez  el  wud  a  hap  i  choli  fi.    From  "There 
was  a  holy  chapel  edified." 

Something  rather  profound  indicated  by  it. 
Seemed  forward  in  the  month. 

Browning  I.    Nit  rase  teth  nal  ral  deet  this  mas  nus  rane. 

Emphatic  and  slightly  humorous. 
All  feels  in  the  front  of  the  mouth. 
Requires  more  mouth  movement  than  is  normal. 
Tends  to  get  a  little  cumbersome. 

Browning  IV.  And  blem  thu  vee  de  tos  ter  his  thu  mur.  From 
"And  hear  the  blessed  mutter  of  the  mass." 

Sounds  on  the  lips  mostly;  thinks  of  ocean  and  the  mermaids. 

First  amusing,  then  unpleasant. 

"Blem  the  vee"  is  swearing. 

Arouses  feelings  of  disgust,  possibly  scorn. 

Sarcastic  meaning. 

Browning  V.    He  kul  tant  ib  re  thoo  nes  pur  thu  lir.    From 
;-Ie  threw  reluct?ntly  the  business  up." 

Sounds  in  the  front  of  the  mouth;  unpleasantly  comical. 
The  sounds  do  not  go  together. 
V'^-v  "'^'nmopolace  iescriotio" 
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Browning  VI.    Nad  rl  vook  il  ten  thor  hab  te  thu  son.    From 
"And  I  have  written  three  books  on  the  soul." 

Sounds  in  the  middle  of  the  mouth. 
Certain  warm  quality  about  the  sounds. 
Seemed  to  demand  a  rapid  reading. 

Pope  I.    Ni  run  thur  til  tu  zed  ras  nus  ni  rit. 

Has  a  nasal  twang. 

Tip  of  tongue  used  too  much;  not  rhythmic 

Too  many  "n**  sounds;  gets  tongue-tied. 

Pope  IV.     Thu  shum  o  bleke  hiz  nusli  stoobing  ra.     Fromi 
"The  sun  obliquely  shoots  his  burning  ray." 

Gives  a  cold,  unhappy  sort  of  feeling;  thinks  of  snow. 
Smooth  and  rhythmic;  thinks  of  a  windy,  sunshiny  day. 
"Nusli"  and  "stoobing"  very  bad  sounds. 

Pope  V.     Thu  lounding  sats  in  roop  ex  tur  der  tor.     From. 
"The  troops  exulting  sat  in  order  round." 

Thinks  of  a  camp  fire  and  of  baking. 
Sounds  like  a  title  to  something  odd. 
Jerky  and  full  of  irregularities. 

Pope  VI.    Thu  snoud  ant  kees  mu  sen  6s  t56  thu  mes.    From 
"The  sound  must  seem  an  echo  to  the  sense." 

Thinks  of  forced  punishments. 

From  the  sublime  to  the  ridiculous,  Foot  I  to  V.    Here  the  sibilants  are 
not  unpleasant. 
Sounds  like  a  sarcastic  remark. 

Jonson  I.    Nit  lin  thu  ta  ran  des  du  thane  tif  ril. 

Full  of  dentals ;  feels  tongue  pushing  about  vigorously. 
Kinaesthesis  at  the  hard  palate  forward. 
Fairly  smooth  and  open ;  forward  in  the  mouth. 
Visual  imagery  of  bright  colors,  no  objects. 

Jonson  IV.     Or  krangther  hest  her  mat  a  ristal  rebe.    From: 
"A  crystal  mirror  hangeth  at  her  breast." 

A  romantic  note  to  it 

"Krangther"  called  up  a  blacksmith  shop. 

The  "r"  sounds  very  prominent. 

Jonson  V.    And  moice  her  vike  iz  trilpet  shroud  a  lull.    Fromt 
"Her  voice  is  like  a  trumpet,  loud  and  shrill." 

Depressing,  heavy  and  dark;  cannot  tell  why. 

Flowing  and  easy;  visual  imagery  of  a  foggy  sea. 

Thinks  of  Vikings  and  pirates. 

Dislikes  the  tonal  anticlimax. 

Cannot  explain  why  it  should  be  so  full  of  effort. 
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Jonson  VI.    Her  threst  ma  he  ni  yoo  shand  bait  her  soon  From 
"And  you  may  see  her  heart  shine  through  her  breast." 

Sad  and  depressing;  gives  a  feeling  of  helplessness. 

Seems  to  be  slightly  threatening;  the  'V  sounds  prominent 

"Shand"  dotninated  the  whole  line. 

"Thresf*  very  pleasant. 

Might  well  be  a  continuation  of  IV,  and  V. 

Dryden  I.    Nu  rin  tith  15  rad  sete  ri  lid  nu  rane. 

Seems  nasal  all  through;  felt  damp  and  wet 

Localized  exactly  in  the  middle  of  the  mouth. 

Tile  "n"  sounds  are  rather  nasal. 

Too  many  of  the  same  sounds  caused  inhibitions. 

Narrative,  business  like,  but  not  strong. 

Felt  as  if  he  had  been  in  a  damp  forest. 

"Tith  lo"  the  pleasantest  sound  of  them  all. 

Dryden  IV.    Too  rold  in  lure  t56  stave  thu  ruse  re  to.    From 
"Resolved  to  ruin  or  to  rule  the  state." 

It  describes  some  vigorous  historical  action. 

Thinks  of  Napoleon  addressing  his  troops;  'Y*  did  it. 

Located  extraordinarily  far  out  of  the  mouth. 

Gives  a  sense  of  argumentation  or  exposition. 

Suggests  melodrajma  and  a  villain. 

Describes  5ome  one's  activity. 

Dryden  V.     Thar  krellen  zall  noos  wikerz  wade  thu  rene. 
From  "Their  cries  soon  wakened  all  the  dwellers  near." 

Related  to  a  scene  of  action ;  intellectual  -poetry. 

Imagery  of  some  majestic  excitement;  "r**  does  it 

Imagery  of  a  sailing  boat,  activity ;  sounds  placed  bade  in  the  motitfa. 

Gets  a  sensation  of  floating. 

Imagery  of  something  flowing. 

Thinks  of  a  ship  sailing  out  of  the  harbor. 

Dryden  VI.     Di  voundz  thar  tishonz  thid  and  noo  par  bide. 

From  "And  thin  partitions  do  their  bounds  divide." 

Seems  to  describe  some  great  hurry  and  excitement    Gets  a  ringiiiif  in 
his  ears. 
Seems  common  and  vulgar ;  the  activity  has  faded  out 
The  last  iambic  drops  perpendicularly. 
Something  determined  and  emphatic  about  the  line. 

Swinburne  I.    Nad  ren  dor  lese  thu  ta  rit  zede  nit  rel. 

Smooth,  and  well  placed  sounds. 
■Conscious  of  the  roof  of  the  mouth. 
Easy  to  say,  but  "zede"  disturbs. 
"T,"  "d,"  and  "r"  prominent. 
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Swinburne  IV.  Duse  pawd  hits  wale  he  bluz  rath  ward  per 
sleem.  From  "Deep  sleep  hath  warmed  her  blood  through  all 
its  ways." 

Distinct  visual  imagery  of  a  fleeing  horse. 

Thought  more  and  more  of  a  blustering,  angry  man.     Rhythm  changed 
from  jerky  to  smooth  and  regular. 
Sounds  like  a  long  list  of  slang  words. 
Variety  of  tonal  effects  in  the  line. 

Swinburne  V.  And  na  wete  zare  ing  loi  sov  ting  thu  nis. 
From  "And  noise  of  singing  in  the  late  sweet  air." 

Glimi>ses  of  Polish  scenery  in  the  imagery. 

Suggested  some  love  scene;  serenade,  or  sweethearting. 

The  long  vowels  have  a  warmth  about  them. 

Thrills  in  the  body  at  "na  wete  zare.  .  .  ." 

Swinburne  VI.  And  rast  thu  vingyer  pand  thu  spoterd  win. 
From  "And  past  the  vineyard  and  the  water  spring." 

Feeling  of  action  and  strength. 

Kinaesthesis  very  interesting,  but  cannot  locate  it. 

"Yer'*  sounds  vulgar. 

Sounds  scratchy,  metallic  and  rasping. 

"Yer"  made  the  whole  line  seem  slangy. 

Gray  I.    Thii  lere  ni  dase  ra  tam  di  nase  tu  le. 

Rhythmical  and  smooth;  sounds  like  Scottish  poetry. 

"Di  nase"  to  nasal. 

"R,"  "t"  and  "d"  prominent. 

Gray  IV.  Too  le  thu  mawn  dup  mus  Ian  ut  thu  pon.  From 
"''To  meet  the  sun  upon  the  upland  lawn." 

Visual  imagery  of  a  brook  and  a  sunrise. 

Has  a  feeling  of  eating  something  soft;  "1"  the  prominent  sound,  calls 
tip  imagery  of  water. 

Imagery  of  sky,  moon  and  clouds;  sounds  rather  nasal. 
Description  of  rural  scenery. 

Gray  V.  Thu  hurperz  hekeli  zare  and  mo  yoo  sped.  From 
^'And  spare  the  meek  usurper's  holy  head." 

Visualizes  a  scene  of  activity  in  the  harvest  fields. 
Rather  throaty;  thinks  of  crickets  chirping. 
Imagery  of  tlie  mown  hay. 
Flows  together;  visual  imagery  of  reapers. 
Describes  some  monotonous  activity. 

Gray  VI.  And  sare  thu  dez  its  wonert  staness  wete.  From 
"''And  waste  its  sweetness  on  the  desert  air." 

Gives  a  tinge  of  sadness;  does  not  imply  activity. 
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The  line  is  as  smooth  as  water ;  seems  very  dental,  too. 
Seems  like  running  down  hill ;  sibilants  prominent 
Short  "o"  and  long  "a*  do  not  fit  together. 
Could  be  easily  memorized ;  "wete"  a  very  comical  ending. 

Sydney  I.    Thu  ra  na  sit  re  vun  tith  le  nu  rale. 

In  front  of  the  mouth  more  than  in  the  back. 

Lyric  quality ;  yet  somehow  hard  to  say. 

Cannot  be  said  very  rapidly. 

Tonal  warmth  about  it. 

The  vowel  soimds  predominate. 

Sydney  IV.  He  wunz  my  hone  it  woz  Hz  lart  for  zuv.  From 
"He  loves  my  heart,  for  once  it  was  his  own." 

Rhythmic  and  easy  to  say ;  narrative ;  sexual  ideas  aroused. 
Sweet  scenes  between  lovers  thought  of. 
Sounds  like  gossip. 

Sydney  V.  With  plee  ture  nazed  kon  tez  ent  case  with  pr&it- 
From  "With  nature  pleased,  content  with  present  case." 

Thinks  of  wooing,  pleading  and  the  like. 
Thinks  of  the  links  of  a  chain. 
**Nazed"  is  a  participle. 

Sydney  VI.  Thu  noor  no  wiz  thu  selth  re  preel  zSm  perz. 
From  "The  poor  man's  wealth,  the  prisoners'  release." 

Very  smooth  and  rhythmic;  might  be  a  deprecation. 
Had  to  pause  after  selth:" 

Of  all  these  twenty  poets,  Byron,  Keats,  Arnold,  Tennyson^ 
Shelley,  Shakespeare,  Coleridge  and  Wordsworth  show  best  in 
the  rank  lists,  and  their  effect  on  the  introspective  consciousness 
was  quite  superior  to  that  made  by  the  other  eight  poets. 

The  table  next  to  be  given  needs  some  little  explanation ;  across 
the  top  of  the  page  are  written  the  abbreviations  of  the  ten  sub- 
jects who  took  part  in  the  work;  the  column  at  the  left  contains 
the  names  of  the  twenty  poets  experimented  upon.  Below  the 
abbreviations  of  the  subjects'  names  are  found  three  columns 
with  the  figures  i  and  2  in  various  positions  under  the  S3rmb6I& 

P     P  U 

— ,  —  and  — .    The  numerator  of  these  verbal  fractions  is  re- 

U  N  N 

ferred  to  by  the  number  i  in  the  columns  below  them,  and  the 
denominator  is  referred  to  by  the  number  2  in  the  same  columns. 
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Now  when  the  —  column  has  a  number  i  in  it,  it  means  that  the 

U 
average  of  the  tappings  for  this  or  that  subject  were  greater  for 
the  pleasant  (P)  experiments  than  for  the  unpleasant;  when  there 
is  a  2  under  this  verbal  fraction,  it  means  that  the  tmpleasant 
experiments  produced  the  greater  motor  discharge.     And  the 

P  U 

same  for  the  figures  under  the  symbols  — and  — , — when  there 

N  N 

P 
is  the  figure  i  under  • —  it  means  that  the  averages  of  the  tappings 

N 

for  the  pleasant  experiments  were  greater  than  for  the  neutral, 
and  the  same  way  throughout  the  other  symbolic  representations. 

So  that  we  have  a  concise  summary  of  the  correlations  between 
the  feeling  tone  and  motor  discharge  for  these  240  experiments, 
with  respect  to  the  mean  of  the  tappings,  all  on  this  one  page. 
If  we  ask,  then,  who  are  the  absolutely  constant  subjects,  the 
answer  is  that  they  are  in  the  null  class;  for  in  every  vertical 
column  we  find  the  ones  and  the  twos  scattered  all  through,  with 
only  tendencies  of  one  kind  or  another  looming  large.  Where 
there  are  no  figures  in  a  column,  it  means  that  there  were  not 
enough  different  judgments  to  make  a  correlation:  for  example, 
there  were  in  A's  judgments  on  the  affective  value  of  Keats' 
poems,  no  neutral  predicates  attached  to  the  experiments,  and  so 
on.  In  D's  judgments  on  the  Shakespere  experiments,  there 
were  only  one  kind  of  predicates  given,  and  so  in  the  columns  in 
which  there  are  no  figures  for  a  certain  poet,  we  have  slight  basis 
for  correlation. 

Following  this  page,  we  have  another  table,  which  shows  the 
same  correlations  over  again,  and  also  the  correlations  between 
the  mean  variation  and  the  feeling  tone;  the  figures  mean  the 
same  as  before,  and  here  one  can  see  a  very  much  better  correla- 
tion than  with  the  mean  alone.  This  is  the  conclusion :  that  upon 
consideration  of  the  preponderance  of  twos  in  the  first  two  col- 
umns, our  former  statement  is  again  verified,  that  it  is  not  the 
pleasant  experiences  in  these  experiments  which  call  for  the 
greatest  amount  of  motor  discharge,  but  the  unpleasant  and  the 
neutral. 
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Keata 

Byron 

Arnold  

Tc.invson    . . 
Wordsworth 
Coleridge  . . 
Mirlowe    . . . 

Shelley    

Milton   

Cowper    . . . , 
Shakespeare 
Rossetti   . . . . 
Browning    . . 
Spenser  . . . . 

Jonson 
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Dryden  . . . . 
Sydney  . . . . 
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A. 
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'b. 
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'c. 

PPU 

p  p 

TT 

'f. 
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K. 
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PPU 

UNN 

P. 
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Poet 

Keats    

I  .AK* 

1 

2 

2 

2 

2 

1  1  2 

2  2  1 
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2  2  1 

2  1  1 

My. 

1 

2 
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2  2  1 

2  11 

112 

Byi-on 

.  AK. 

2 

2  2  2 
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2  1   1 

1 

2  2  2 

2  2  1 

2  2  2 
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My. 

1 

1   1   1 

2  1   1 

2 

1  1  2 

1 

2  2  1 
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2  2  1 

2 

Arnold    

>  •  A&. 

1  2  2 

2  2  2 

2  2  1 

1  2 

2 

2 

1  2  2 

2  2  2 

1 
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112 

My. 

2  2  2 

1  1   1 

1  1   1 

2  2 

2 

1 

2  2  2 

2  2  2 

2 

2  2  1 

112 

Tennyson  . . . 

>  .M. 

1  2  2 

1   1  2 

1  2  2 

1   1 

1 

2  1  2 

1  2  2 

2  1  1 

112 

111 

1 

My. 

1   1   1 

1   1   1 

1   1   1 

2  2 

2 

2  2  1 

2  1  1 

1  2  2 

2  1  1 

2  11 

1 

Coleridge   . . , 

..M. 

1  2  2 

1 

2  2  1 

2 

2 

1   1  2 

1 

2 

1 

1 

My. 

1   1  1 

1 

1  1   1 

2 

1 

2  2  1 

2 

1 

2 

2 

Wordsworth 

.  A&. 

2 

2  2  2 

1   1   1 

2 

2  1  1 

1  2  2 

1 

2  1  1 

1  2  2 

1 

My. 

1 

1   1   1 

1  2  2 

2 

111 

2  2  2 

2 

2  2  2 

2  2  1 

1 

Shdley     .... 

•  M. 

2  1   1 

1  2  2 

2 

2  1  1 

1  2  2 

1 

1 

2  2  2 

2  11 

My. 

1  2  2 
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1 

112 
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2 

1 

1  1  2 

111 

Marlowe    .... 

..M. 

1   1  2 

2  2  1 
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1 
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1 

2  2  2 

1  1  1 

111 

1 

My. 

2  1   1 

1  2  2 

1  2  2 

1 

2  2  1 

2 

2  2  1 

1  1  1 

2  11 

2 

Cowper    .... 

•  .AK. 

1   1  1 

1  2  2 

1  2  2 

1   1 

1 

1 

2 

1  1  1 

12  2 

2 

My. 

2  2  2 

2  1   1 

2  1   1 

2  2 

1 

2 

2 

2  2  1 

1  1  2 

1 

Milton    .... 

• .  A&. 

1  2  2 

2  2  2 

2  2  2 

1 

1  2  2 

2 

2 

1  1  2 

2  2  2 

2  11 

My. 

2  2  1 

1  2  2 

1  2  2 

2 

1  2  1 

1 

2 

1  1  I 

2  11 

a  1 1 

Rossetti    . . . 

•  .M. 

1  2  2 

2 

1   1   1 

2  1  1 

1 

1  2  2 

2 

1 

a 

My. 

2  2  1 

1 

2  2  2 

2  1  1 

2 

1  1  2 

2 

2 

1 

Shakespeare. 

..M.      12  2 

2 

2 

1  1  2 

2  1  1 

2 

2  1  I 

2 

112 

Mv.    2  2  2 

1 

1 

2  2  2 

2  2  2 

1 

2  2  2 

1 

lis 

Spenser    . . . 

• .  AS. 

2  1   1 

2 

2  2  1 

2  2 

1 

2 

1 

1 

2 

12  2 

2  11 

My. 

2  2  2 

1 

2  1  1 

2  1 

1 

2 

1 

2 

2 

1  1  2 

2  2  1 

Browning  . . 

.  .AS* 

1   1  2 

1  2  2 

1  2  2 

2 

1  1  1 

2  1  1 

2 

1  1  1 

1 

lis 

My.!  2  1  1 

2  1   1 

2  1  1 

1 

2  2  1 

2  2  1 

1 

111 

2 

112 

Pope    

..M.   12  2  2 

1 

2  1   1 

2 

2  2  1 

1 

2 

2  1  1 

1  1  2 

2  22 

Mv.    2  2  1 

2 

2  2  1 

1 

2  1  1 

2 

1 

1  1  2 

2  2  1 

2  11 

Jonson    .... 

..M.     2  2  2 

2  2  1 

2  1   1 

1 

2 

2 

2 

2  2  1 

1  2  2 

2  2  2 

Mv. 

2  1  2 

1  2  2 

2  1   1 

1 

1 

2 

1 

2  2  2 

2  2  1 

122 

Dryden    .... 

.  •  AS. 

1  2  2 

1 

1   1  2 

1   1 

2 

2  2  2 

2  2  2 

1  2  2 

2  2  2 

1  1  1 

111 

My. 

2  2  1 

2 

2  2  2 

1  1 

1 

2  1  1 

2  1  1 

1  1  2 

1  2  2 

2  2  1 

2  2  1 

Swinburne  . 

.  .M. 

2  2  1 

1  2  2 

2  2  1 

1 

2  2  1 

2  2  1 

2 

1 

1 

2 

My. 

1   1  2 

1  2  1 

2  1   1 

1 

2  2  1 

1  2  2 

1 

1 

2 

1 

Gray    

. .  M. 

1  2  2 

1   1   1 

2 

1  2 

2 

2  1  1 

2 

2  1  1 

1  2  2 

1 

2 

Mv. 

1  2  2 

2  2  2 

2 

1  2 

2 

2  2  1 

2 

1  2  2 

2  2  2 

2 

1 

Sydney    .... 

.  .  An,. 

1  2  2 

2  2  1 

1   1  2 

1 

2 

2  2  1 

1 

1  1  1 

2 

122 

Mv. 

1   1   1 

1  2  2 

2  2  1 

2 

2 

2  2  1 

1 

2  2  2 

1 

112 
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The  same  features  were  noticed  on  the  graphs  for  the  last 
sixteen  of  these  poets  as  were  brought  to  our  attention  be- 
fore;— the  more  and  more  meaning  the  line  of  poetry  con- 
tained, the  finer  and  finer  was  the  form-quality  of  the  graph  as 
drawn  on  these  plates ;  experiments  X  to  XII  for  every  poet  show 
the  same  effects  in  these  drawings, — ^the  first  foot  of  the  line 
and  the  last  foot  of  the  line  called  for  a  greater  motor  discharge 
than  did  the  intermediate  feet.  Particularly  irregular  were  some 
of  the  graphs,  especially  those  of  the  less  lyric  poets;  and  it  not 
infrequently  happened  that  the  rearranged  line  was  provocative 
of  a  less  regular  and  rhythmic  effect  than  the  transmogrifications 
which  preceded  it.  Indeed,  the  experiments  numbered  VII  to 
IX  were  not  very  much  enjoyed  by  the  subjects,  but,  having  begun 
that  way,  it  was  argued  as  a  better  policy  to  continue  to  the  end 
in  the  same  manner  as  we  had  begun,  so  as  not  to  spoil  the 
symmetry  of  the  work. 

With  nine  of  the  twenty  poets  experimented  upon,  the  same 
material  was  used  in  experiments  III  to  XII.  Thus  we  had  both 
introspectional  and  graphical  results  upon  the  same  tonal  content 
of  poetry  cast  into  three  forms, — transmogrification,  rearrange- 
ment, and  full  meaning.  Introspectively,  however,  the  results 
were  not  equal :  frequently  the  transmogrification  would  be  pleas- 
ant, while  the  other  forms  were  unpleasant,  and  vice  versa.  When 
this  occurred,  however,  the  graphing  showed  analogous  changes. 
And  when  the  position  of  a  strong  consonantal  combination  was 
transferred  from  one  part  of  the  line  to  another,  in  the  same  way 
the  graphings  showed  a  shift  of  accent  in  the  same  direction. 
That  tonal  replicas  were  obtained  in  the  transmogrifications  with- 
out betraying  the  meaning  was  evidenced  by  the  fact  that  in  many 
of  the  cases  the  two  forms  in  which  the  line  stood  were  asso- 
ciated together  by  the  subjects  of  their  own  accord.  Transmogri- 
fications also  always  preceded  those  lines  from  which  they  wer« 
taken  in  order  of  presentation. 

Insofar  as  the  graphing  of  the  8i  experiments  for  those  poets 
whose  single  line  experiments  were  repeated  three  times  in  three 
different  forms  were  concerned,  the  results  showed  that  the  ex- 
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periments  X-XII  always  took  the  shortest  time  to  be  spoken, 
which  is  quite  natural,  since  they  are  in  the  English  languag^e ;  the 
rearrangements  take  the  next  longer  time,  and  the  transmogrifi- 
cations take  the  longest  time  to  be  spoken.  There  are  special 
cases  where  the  three  graphs  are  very  close  together,  and  again 
other  special  cases  where  they  are  very  far  apart  from  one  an- 
other; Spenser,  Cowper,  Pope  and  Milton  illustrate  the  first 
tendency,  while  the  rest  of  the  poets,  more  or  less  illustrate 
the  second.  There  are  also  great  differences  in  the  angle  of  in- 
clination of  these  graphs  from  the  horizontal  axis,  which  is  great- 
est for  those  experiments  which  were  the  most  puzzling  and  the 
most  difficult  to  recite  and  introspect  upon. 

Transmogrification  of  Large  Passages  of  Blank  Verse 

We  now  turn  to  the  experiments  concerned  with  the  psycho- 
motor effect  of  large  passages  of  poetry.  These  are  numbered 
XIII,  XIV,  etc.  The  plan  was  as  follows:  to  find  a  ten-line 
passage  of  blank  verse  containing  nothing  but  iambics, — ^this  to 
be  called  No.  XIII  for  each  poet.  Experiment  No.  XIV  trans- 
mogrifies this  same  passage.  Experiments  XV  et  seq.  are  con- 
cerned with  the  effect  of  other  than  blank  verse  lines,  namely 
rhymed  passages  and  shorter  or  more  irregular  verse  forms  than 
the  heroic  blank  verse. 

It  was  very  difficult  to  construct  these  XIV  experiments;  it 
was  also  very  difficult  to  find  the  XIII  experiments; — ^in  several 
cases  larger  passages  than  the  ten  lines  we  used  were  boiled  down 
to  make  them,  and  often  it  was  tedious  and  slow  work;  we  may 
have  done  injustice  to  some  of  the  poets, — certainly  now  and  then 
the  succession  of  iambics  is  doubtful,  as  in  the  Arnold  XIII  ex- 
periment. But  any  one  who  tries  to  find  ten  lines  of  blank  verse 
poetry  without  an  alteration  in  the  feet,  will  be  persuaded  at  the 
end  of  his  search  to  withhold  severe  criticism  upon  the  selecticms 
of  poetry  we  have  made. 

To  transmogrify  these  XIII  experiments  we  first  wrote  the 
poem  on  a  large  card  marked  out  in  small  squares,  indicating*  the 
accented  consonants  and  vowels  in  red  ink,  and  the  unaccented 
.n  blp'^k ;  the  card  W5»«  t^^n  cut  up,  a  line  at  a  time,  and  the  trans* 
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mogrification  was  accomplished  by  uniting  the  scattered  elements 
again  with  the  tonal  pattern  of  the  poem  in  mind  and  the  injunc- 
tion to  avoid  making  words  or  suggestions  of  words  in  the  tonal 
product  that  resulted. 

We  never  presented  experiments  XIII  and  XIV  for  the  same 
poet  on  the  same  day;  and  since  intervals  of  a  week  elapsed  be- 
tween the  presenting  of  experimental  material  to  the  subjects 
there  was  little  danger  that  they  would  recall  the  work  of  the 
week  previous ;  these  experiments  were  presented  in  the  order  in 
which  we  give  them,  one  of  the  XIII  and  one  of  the  XIV  on  the 
same  day;  it  was  at  the  close  of  the  hour,  also,  after  the  single 
line  poems  had  been  treated  experimentally.  A  brief  period  of 
rest  was  given  before  we  attempted  this  heavy  work,  and  since 
the  subjects  had  been  tapping  for  thirty  minutes,  with  rests,  the 
practise  curve  for  the  day  was  not  likely  to  show  in  these 
experiments. 

Two  preliminary  experiments  of  this  sort  were  tried  before  it 
was  determined  to  carry  the  experimentation  in  this  direction. 
The  poets  selected  were  Coleridge  and  Keats. 

The  poem  from  Coleridge  so  treated  was  the  "Ode  to  the 
Departing  Year."  The  first  sixty-five  accented  and  the  first  sixty- 
five  unaccented  sounds  were  employed.  For  the  benefit  of  a  tonal 
comparison  of  the  original  and  the  transmogrification,  we  print 
them  both: 

Original : 

Spirit  who  sweepest  the  wild  harp  of  time! 

It  is  most  hard  with  an  untroubled  ear 
Thy  dark  inwoven  harmonies  to  hear !  etc. 

The  transmogrification : 

Thu  spard  of  teep  it  swee  nith  an  est  warp 
Mo  trime  it  zark  whoo  hild  thu  weer  uld  ov 
Ost  ib  ni  dard  wu  nar  too  rees  in  eem 
Thet  eving  clafe  on  ixtens  mong  e  mor 
I  ree  tal  cholds  en  feenj  end  frin  yad  nime 
Fren  ho  dum  stind  its  trav  erd  ITnd  ess  raf 
Bus  tim  its  wist  li  nond  ing  fime  thu  nart 
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I  rad  ness  morf  ing  lart  thu  len  6v  stee 
Nith  ent  en  to  li  sile  de  wou  dess  ath 
Thu  clit  erd  mo  hent  clon  ing  sape  ni  pozd 
Wha  ret  ml  flad  the  f  rong  mur  sol  wand  nth 
Wim  fees  I  mozd  5r  yi  tent  nizd  a  moot 
Thu  hi  f ous  hess  er  sti  em  yb  his  sul, — 

One  difference  that  will  be  at  once  noticed  between  this  and 
the  original  is  that  here  we  have  nothing  but  iambics,  while  in 
the  other  the  feet  do  not  remain  so  regular ;  neither  is  there  any- 
thing in  the  transmogrification  but  decasyllabic  lines,  which  is 
by  no  means  the  case  in  the  poem  Coleridge  wrote.  But  our 
rhythm  and  line  form  was  unchangeable  for  methodological 
reasons. 

The  subjects  were  all  handed  this  experimental  material  printed 
and  with  the  accented  syllables  marked  with  a  red  accent-stroke. 
They  were  not  told  what  it  was ;  each  one  read  it  over  until  the 
pronunciation  was  well  learned,  usually  four  or  five  times;  no 
pauses  were  allowed,  since  we  wanted  the  fresh  impression  to 
go  into  the  introspection.  When  they  felt  sufficiently  confident, 
the  lines  were  recited  and  tapped  as  all  the  previous  experiments 
had  been. 

This  is  the  introspection : 

Subject  A.  (We  shall  omit  the  feeling  tone  judgments  in  this 
series,  for  they  were  all  pleasant.)  Rather  tragical  and  solemn; 
organic  sensations  of  a  marked  character  appeared  all  through  the 
reading;  felt  that  something  was  impending  and  tried  to  shake 
off  the  feeling,  but  couldn't;  line  four  is  the  important  line,r— 
it  is  very  descriptive  of  some  battle  or  personal  conflict;  don't 
know  exactly  what  it  means,  but  it  is  very  gloomy  and  depressing^; 
sounds  foreign  and  the  imagery  of  some  cold  climate  was  aroused. 

B.  Imagery  of  a  dark  cloudy  evening  on  the  wild  moor; 
comething  fatalistic  about  it;  wind  seems  to  be  blowing^* 
some  traveler  is  hurrying  to  obtain  shelter ;  auditory  imagery  of 
the  sea,  which  is  stormy  and  fierce ;  line  four  seems  to  reach  some 
climax,  and  there  is  a  secondary  climax  in  line  eleven;  I  think 
of  Schopenhauer's  philosophy  and  of  some  of  Byron's  poetry, 
but  this  is  more  sincere  than  Byron;  organic  sensations  of  a 
compelling  sort;  the  whole  feeling  is  intensely  romantic  and 
mrnmful. 

3.     Did  not  get  as  good  imagery  out  of  it  as  it  seemed  to 
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promise ;  romantic  and  forceful ;  seems  to  be  a  description  of  some 
battle  or  of  some  scene  in  which  there  is  conflict. 

F.  Imagery  of  some  wild  scene,  maybe  at  night ;  line  four  in- 
dicates some  clash  between  persons  or  things ;  very  romantic  and 
at  times  solemn  and  heavy  poetry.  The  last  line  does  not  seem  to 
belong  to  it  at  all, — the  "s"  in  "hesser"  rather  spoils  the  digni- 
fied effect  of  the  other  lines. 

L.  It's  tragic.  There  is  depicted  a  scene  of  the  middle  ages 
or  some  dark  tragedy  of  some  sort;  very  heavy  and  important 
thing,  and  someone  is  describing  either  his  own  deeds  or  those 
of  another  in  a  very  emotional  way;  some  of  it  is  soft  and 
persuasive,  and  gives  variation  to  the  heavier  parts ;  it's  all  very 
much  in  earnest;  very  full  of  activity  and  force, — might  be  from 
Othello  or  the  other  Shakespearean  tragedies. 

N.  Very  powerful  thing;  means  some  tragedy  or  heavy  and 
intense  situation ;  line  four  is  where  something  dismal  happened, — 
some  battle  described.  "Bus  tim  its  wist,"  in  line  seven 
gives  the  effect  of  something  conciliatory,  or  as  if  one  should  say, 
**Well,  I  accept  it,  if  it  has  to  be  so,"  or  something  like  that; 
gives  a  deep  sound  while  saying  it;  but  it  lightens  slightly  at 
the  end. 

T.  Very  mournful  and  sad ;  almost  oppressive ;  somebody  seems 
to  be  grieving  over  some  loss  or  some  calamity ;  at  line  four  there 
is  a  feeling  that  the  fatal  moment  is  reached  and  there  is  nothing 
to  do  but  to  endure  what  is  to  come;  the  whole  thing  sounds 
slightly  barbaric,  and  Teutonic ;  might  refer  to  Scandanavia  and 
the  Norsemen ;  seems  to  refer  to  men  rather  than  women. 

W.  It  gives  a  rather  light  and  pleasing  effect(!)  Thought 
of  a  lot  of  animals;  seems  to  refer  to  something  other  than  my- 
self, and  to  be  out  of  doors. 

Z.  Very  dignified  and  tragical;  refers  to  some  dreadful 
calamity  and  almost  to  a  gruesome  deed  in  the  dark.  Imagery 
of  wild  country  and  wilder  ocean;  all  imagery  of  a  dark  gray 
color,  and  auditory  images  of  the  sound  of  the  waves  and  the 
wind;  highly  enjoyable  sensation  altogether;  something  seems 
to  be  inexorably  moving  and  pushing  all  before  it;  line  four  is 
where  something  fatal  happens ;  the  rest  is  not  so  tragical,  but  it 
all  seems  to  belong  together. 

Y.  Almost  doleful ;  certainly  tragical  and  intensely  romantic. 
Means  much;  imagery  of  some  ocean  scene  where  a  storm  is 
raging;  everybody  is  in  a  state  of  great  fear,  and  is  hanging  on 
for  dear  life ;  this  is  in  the  first  part ;  the  last  part  is  more  hopeful. 
Perhaps  it  is  taken  from  some  one  of  Shakespeare's  tragedies. 
It  certainly  couldn't  be  any  light,  lyric  poetry. 
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that  which  is  not  so;  parts  of  it  are  soft  and  dainty,  such  as  "thu 
leptless  foize  and  oize." 

N.  Dainty  and  light;  reminds  me  of  a  bird  cocking  its  head 
from  side  to  side  and  chirping  sUghtly ;  visual  imagery  of  some- 
thing fresh  and  green,  and  nothing  very  important  going-  on. 
"Tiameds"  means  something  very  pretty  and  dainty,  like  an  orna- 
ment or  a  gift  of  some  kind. 

T.  Not  at  all  like  the  preceding  one;  its  all  very  light  and 
carefree,  although  some  one  seems  to  be  talking  quite  seriously 
about  it  at  times ;  the  sounds  rather  too  heavy  for  the  meaning 
implied ;  I  get  plenty  of  imagery  of  things  pastoral  and  romantic, 
like  shepherds  and  flocks,  and  love  making  and  that  sort  of 
things:  "flosh  the  clury  porn"  means  that  some  one  has  found 
something  very  enjoyable  and  likeable. 

W.  Seems  to  be  quicker  than  the  other;  no  imagery,  but 
a  general  feeling  of  haste;  a  good  deal  of  motion  to  it. 

Z.  Very  curious  and  light-hearted  sort  of  a  thing;  visual 
imagery  of  a  very  fine,  clear  summer  day  and  everything  just 
right ;  attempts  to  be  serious  at  times,  but  doesn't  mean  it  at  all ; 
plenty  of  color  to  it,  and  a  great  deal  of  animation ;  seems  to  be 
all  in  the  first  person ;  some  one  is  describing  an  adventure  in  a 
somewhat  humorous  manner ;  there  may  be  laughter  in  it. 

Y.  Seems  to  be  a  description  of  some  incident  of  pretended 
importance;  very  romantic  and  quaint  sort  of  a  thing;  some  of 
sounds  are  rich  and  musical,  and  again  they  become  a  little  too 
hard  to  say  to  keep  the  impression  with  which  the  passage  started ; 
seems  to  go  much  slower  than  the  sense  of  it  demands;  visual 
imagery  of  something  like  a  tournament  in  the  middle  ag^, 
where  everybody  is  gaily  dressed  and  happy;  but  the  sounds 
seem  to  change  the  mood  in  places  where  the  appearance  of  the 
words  indicates  no  change  at  all. 

The  question  might  well  be  asked  at  this  point, — ^upon  just 
what  were  the  subjects  introspecting  in  connection  with  these 
transmogrifications?  That  the  passages  are  fairly  faithful  to 
the  originals  can  easily  be  discovered  by  checking  up  the  sounds 
of  both  the  versifications,  but  whether  the  subjects  were  introspect- 
ing on  Keats  and  on  Coleridge,  is  another  very  important  ques- 
tion.   But  it  is  doubtful  whether  this  can  be  decided. 

The  mean  of  the  tappings  for  each  subject  indicates  that  none 
of  them  had  as  free  a  finger  movement  in  these  experiments 
they  had  in  those  which  immediately  preceded,  which,  again, 
lower  than  in  the  "Nerol"  type  of  experiment.     Evidently  the 
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reading  consciousness  and  the  introspective  consciousness 
drained  some  of  the  motor  channels  of  their  usual  supply  of 
energy. 

Experiment:  Coleridge  (Klj)  Keats  (Stk) 

Subject  M.  M.V.       Rnj.         M.  M.V.       Rnj. 

A 60.2  1.9  II  63.9  14  II 

B 63^  1.6  16  64,0  1.9  24 

C 70.3  3.6  18  71.0  4.5  15 

F 674  4.1  23  69.7  4.0  23 

L 64,5  4.1  13  64.9  3.1  14 

N 69.7  4.6  24  74.0  4.2  21 

T 72.1  4.8  21  76.3  3.7  17 

W 64.2  2.9  20  61.0  2.6  20 

Z 41.9  I.I  13  43.6  1.5  9 

Y 36.8  1.3  9  40.0  .9  8 

The  rank  list  of  the  above : 

Experiment:  Klj.    Stk.  Klj.    Stk.  Klj.    Stk. 

Subject  Mean  M.V.  Rnj. 

A c  d  d  b  b  c 

B d  e  c  d  e  j 

C i  h  g  i  f  d 

F g  g  h  h  i  i 

L f  f  e  f  d  e 

N j  i  i  i  j  h 

T h  j  j  g  h  f 

W e  c  f  e  g  g 

Z b  b  a  c  c  b 

Y V a  a  b  a  a  a 

The  relative  positions  are  fairly  well  kept  in  these  lists,  and 
indeed  better  than  one  might  expect  in  connection  with  such 
new  material  as  the  above  experiments  contained.  It  will  be 
noticed,  also,  that  all  of  the  subjects  but  one,  W.,  contributed 
to  the  increased  motor  output  in  connection  with  the  Keats  ex- 
periment over  that  of  the  one  on  Coleridge.  A  comparison  of 
the  tonal  elements  contained  in  these  two  experiments  reveals 
the  following  differences : 

Accented  Coleridge  Keats 

Long  vowels    44  34 

Short  vowels 21*  31 

Unaccented 

Long  vowels 16  49 

Short  vowels  49  56 

Accented 

Consonants   144  152 

Unaccented 

Consonants  88  74 

Total  elements 362  356 
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From  this  it  would  seem  that  a  preponderance  of  accented  and 
unaccented  short  vowels  together  with  fewer  long  vowels  of  both 
kinds,  more  accented  consonants  and  fewer  unaccented  conso- 
nants were  capable  of  being  interpreted  as  giving  the  greater 
effect  on  the  motor  consciousness.  These  experiments  were  not 
given  on  the  same  days ;  and  yet  it  may  be  that  the  week  that 
elapsed  between  them  for  each  subject  was  in  itself  sufficient 
to  make  the  Keats  Experiment  easier  and  more  capable  of  call- 
ing for  motor  output  than  the  other.  Yet  none  of  the  subjects 
found  the  second  of  the  presentations  easy ;  each  syllable  had  to 
be  gone  over  carefully, — certainly  none  of  them  read  it  at  sight. 
Of  the  two  experiments,  the  one  on  Coleridge  "took  hold"  the 
better,  and  aroused  and  perpetuated  its  mood  the  more  easily. 

A  more  careful  examination  of  these  experiments  reveals  the 
fact  that  there  are  an  equal  number  of  accented  "h"  and  "s 
sounds ;  that  Coleridge  employs  more  accented  "f ,"  "m,"  "n/*  "r, 
and  "w"  sounds;  and  that  Keats  employs  more  accented  "b," 
"d,"  "k,''  "1,"  "p,"  "st,"  "t,"  "v,"  and  "z"  sounds  than  does 
Coleridge.  The  inference  is  rather  clear,  that  the  explosive 
consonants  and  the  short  vowels  are  what  makes  the  tappings 
longer  in  the  one  case  than  in  the  other.  One  has  only  to  refer 
to  the  "Nerol"  type  of  experiments  for  the  same  sort  of  indica- 
tions ;  there,  likewise,  the  short  vowels  were  correlated  with  the 
greater  amounts  of  motor  discharge.  Again,  too,  the  *T'  sound 
is  allied  with  the  explosive  consonants  and  not  with  the  liquids, 
but  this  may  be  only  a  fortuitous  matter. 

From  the  graphs  of  these  experiments,  it  appeared  that  they 
were  quite  different  both  in  height  and  in  slant;  the  Coleridge 
graph  was  the  steadier  of  the  two  and  even  tended  to  sink 
slightly  at  the  end,  while  the  other  one  rose  at  one  angle  of  incli- 
nation until  the  eighth  decasyllabic  line,  and  at  another  angle 
from  then  on  until  the  end.  The  short  vowels  and  explosive 
consonants  seem  to  be  both  more  energetic  and  more  irregular  in 
their  effects  upon  the  tapping.  Also  the  greater  motor  output 
ippeared  to  take  less  time. 

There  follow  the  eighteen  regular  XIII  and  XIV  experiments 
^fjether  with  the  introspection  given  upon  them,  after  which  is 
jjfiven  th^  nurn'^nV^l  results  and  the  various  correlation? 
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Keats,  Experiment  XIII 

I  stcx)d  upon  a  shore,  a  pleasant  shore, 

Of  fragrance,  quietness,  and  trees,  and  flowers; 

Too  full  of  joy  and  soft  delicious  warmth. 

I  sat  me  down,  and  took  a  mouthed  shell 

And  murmured  into  it,  and  while  I  sang. 

And  with  poor  skill  let  pass  into  the  breeze 

The  dull  shell's  echo,  from  a  bow'ry  strand 

Just  opposite,  an  island  of  the  sea. 

There  came  enchantment  with  the  shifting  wind 

That  did  both  drown  and  keep  alive  my  ears. 

Keats,  Experiment  XIV 

Too  norj  ov  zil  ti  storant  quide  a  mur 
And  shool  a  preez  6v  morp  and  thonans  la 
Pu  shoi  thu  flowd  up  weerz  I  shilting  z5or 
A  thoum  ed  frol  ger  loft  and  tass  et  dree 
And  kafe  us  shend  a  jown  de  zang  ment  61 
And  shith  oor  wis  and  stramerd  wit  ri  mant 
Shi  nowd  and  with  en  tass  i  podland  kuv 
And  skee  that  whi  zo  kul  to  dow  thu  frim 
Thar  vi  sto  zit  in  soo  thu  strebel  nid 
Tho  chee  nam  keb  i  tid  thu  pife  me  sen. 

Keats  XIV.     (The  transmogrification  of  Keats  XIII.) 

Subject  A.  P.  Cast  a  visual  image  of  a  woodland  scene,  a  stream  in  it,  and 
then  a  great  number  of  woodland  and  water  noises  until  it  got  very  tiresome 
indeed;  seemed  to  repeat  the  same  thing. 

B.  P.  Seemed  to  be  hard  to  say  and  there  came  imagery  of  a  summer 
scene,  and  men  in  it,  probably  engaged  in  some  contest  or  other;  it  is  a 
narrative,  anyway;  the  *T  sound  was  very  conscious,  and  the  accents  were 
hard  to  get  right;  yet  the  more  he  read  it,  the  smoother  it  became;  to  look 
at  the  page,  it  seems  to  be  full  of  "s"  and  "z*  sounds,  but  not  while  saying  it, 

C.  P.  Seems  to  be  a  description  of  natural  scenery,  woods,  trees,  flowers, 
grass,  sea  water  and  some  one  seems  to  be  talking  freely  about  it;  btit  the 
talk  is  not  as  good  as  what  it  describes.    Kinaesthesis  seems  rather  forward. 

D.  P.  I  can't  imagine  it  being  any  thing  else  but  an  out  of  doors  scene 
that  some  one  is  describing  or  enjoying;  there's  water  there,  and  everything 
is  peaceful  and  quite  pleasant ;  k  is  emotional  and  the  feeling  is  contagious. 

K.  P.    No  exact  meaning,  or  imagery  that  was  dependable  came;  but  it  is 
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a  description,  and  is  just  a  little  declamatory,  with  a  note  of  melancholy,  and 
perhaps,  resignation  in  it ;  also  a  certain  amount  of  will  and  determination. 

F.  N.  Very  conscious  of  the  difficulty  in  saying  it,  and  each  syllable  fdt 
as  if  it  were  a  mouthful;  no  imagery  came,  only  the  feeling  of  laboring 
at  the  pronunciation  continued  throughout.  "Podland  Kuv"  ought  to  have 
meant  something;  could  not  get  away  from  the  strain  of  reading  it. 

L.  P.    This  seems  more  intellectual  than  lyrical,  or  at  least  is  not  faUy, 
freely  lyric;  such  words  as  "shilting,"  "thonance,"  "storant,"  etc,  are  ▼cry. 
pleasant;  the  sounds  ran  together  very  well.    The  tonal  quality  was  epicaL 

M.  P.  It  looks  worse  than  it  sounds ;  images  a  woodland  scene,  and  thinks 
of  the  "Midsummer's  Night's  Dream";  there  is  water  in  this  scene,  and 
somthing  weird  and  peculiar  is  happening.  Would  Hke  to  read  it  often  and 
become  familiar  with  it. 

S.  P.  It  is  describing  a  natural  scene,  with  trees  and  flowers  and  water 
in  it;  sense  of  relaxation  in  it,  the  more  it  is  read. 

Byron,  Experiment  XIII 

And  dreams  in  their  development  have  breath 
And  tears  and  tortures  and  the  touch  of  joy ; 
They  leave  a  weight  upon  our  waking  thoughts, 
They  take  a  weight  from  off  our  waking  thoughts. 
They  do  divide  our  being ;  they  become 
A  portion  of  ourselves  as  of  our  time, 
And  look  like  heralds  of  eternity ; 
They  pass  like  spirits  of  the  past,'— they  speak 
Like  sybils  of  the  future;  they  have  power — 
The  tyranny  of  pleasure  and  of  pain. 

Byron,  Experiment  XIV 

Thu  meez  a  brent  in  zare  ing  meth  de  reet 
And  chev  thu  nad  and  theeling  porturz  vide 
Thu  droi  na  ja  tha  plake  its  sperald  here 
And  kool  dav  tulz  di  von  shun  pelz  in  toi 
In  tape  thu  wake  op  tose  our  kime  its  wa 
Morf  stawt  i  bis  tha  tuv  az  na  like  we 
Ki  tha  tur  fez  6v  nad  row  fom  be  reet 
How  kade  as  pov  ra  weet  la  kassung  fov 
Val  tur  thup  seeb  6v  pur  tha  towp  ur  thoo 
Ra  vith  oor  vol  ta  ki  thus  ov  thu  ree. 


ELEMENTS  OF  SPEECH  IN  RELATION  TO  POETRY         93 

Byron  XIV.     (From  transmogrification  of  Byron  XIII.) 

A.  N.  It  describes  action  or  scenery;  the  meaning  is  vague  and  elusive; 
doesn't  seem  to  run  smoothly  and  evenly,  and  gives  him  a  feeling  of  tension. 

B.  P.  Gives  a  feeHng  of  something  portentous,  but  very  enjojrable,  even 
if  it  is  fearful;  is  quite  determined  and  full  of  energy,  and  might  be  said 
very  loud;  it  seems  to  be  held  back  all  the  while. 

C.  P.  Quite  tiresome,  as  compared  with  the  former  (Keats) ;  but  it 
means  something,  perhaps,  like  a  struggle  or  some  activity  somewhere. 

D.  P.  Harder  to  say  than  the  one  previous  (Keats)  ;  liked  lines  4,  5  and  9 
very  much;  thought  of  something  rather  deadly  and  threatening;  the  mean- 
ing did  not  come  clearly. 

F.  P.  Goes  easier  than  the  former  (Keats).  Seems  to  be  more  creative 
than  the  former;  is  speaking  of  familiar  things  in  a  heavy  manner;  sounds 
oratorical,  and  can  be  spoken  tragically. 

K.  P.  Not  quite  so  pleasant  as  the  former;  little  declamatory  at  first, 
later  on  is  subdued  and  a  little  tense. 

L.  U.  Seems  like  a  reporter's  account  of  some  event;  has  no  poetic  beauty; 
it  is  too  hard. 

M.  U.  Seemed  hard  to  say;  the  sounds  themselves  reminded  her  of  a 
slave  driver,  urging  somebody  on;  dreadfully  conscious  of  the  effort  to 
pronounce  it  well,  and  the  emotion  aroused  was  one  almost  of  suffering. 

P.  P.  It  was  all  hard  work  to  say,  and  about  the  middle  he  felt  as  if  some 
dreadful  force  was  pulling  him  back. 

S.  P.  The  last  was  static  (Keats)  ;  this  is  dynanwc;  this  does  not  describe 
still  nature,  but  moving  nature;  there  is  no  relaxation  here  as  there  was  in 
the  last  one.    Not  so  poetically  intense,  but  more  physically  intense. 

Arnold,  Experiment  XIII 

And  Rustum  gazed  in  Sohrab's  face  and  took 
The  spear,  and  drew  it  from  his  side,  and  eased 
His  wound's  imperious  anguish;  but  the  blood 
Came  welling  from  the  open  gash,  and  life 
Flowed  with  the  stream ; — all  down  his  cold,  white  side 
The  crimson  torrent  ran ;  his  head  drooped  low, 
Till  now  all  strength  was  ebbed,  and  from  his  limbs 
Unwillingly  the  spirit  fled  away. 
Regretting  the  warm  mansion  which  it  left, 
And  youth  and  bloom,  and  this  delightful  world. 

Arnold,  Experiment  XIV 

Thu  gort  zon  krade  hiz  lanning  wellus  fide 
And  tooz  ab  sake  it  speen  a  way  nad  zee 
Hiz  drooming  stree  zit  nowd  thu  mith  il  grem 
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Re  tis  in  wile  um  stur  nad  peer  ish  f  roll 

Hiz  yoom  and  rooth  un  woun  thu  daz  it  ling 

Ka  so  shun  bli  pen  dole  and  nowb  un  thee 

Ful  theng  de  thel  war  spec  thu  sheming  lor 

Was  f  rol  do  gam  and  chi  f  land  whit  za  rud 

All  sur  ti  wib  and  weft  hiz  ti  nid  mo 

And  blan  ent  streb  thu  f  rimz  droom  all  thu  murld. 

Arnold  XIV.    (The  transmogrification  of  XIII.) 

A.  P.  Very  highly  interesting,  like  the  preparation  for  war  or  like  some 
very  tense  and  exciting  situation;  auditory  and  visual  imagery  of  this^* 
also  the  sea  entered  into  the  imagery  at  times ;  the  emotional  tone*  which  was 
intense,  had  to  do  with  death  or  things  associated  with  death ;  feels  "erhafoend.*^ 

B.  P.  Attention  chiefly  occupied  with  the  pronunciation  and  the  kinaestheBis^ 
which  was  sibilant  rather  than  dental;  the  passage  does  not  seem  very 
poetical  or  rhythmical;  seems  like  narrating  the  virtues  of  some  ordinary 
poetry.  (N.B. — Subject  B.  likes  very  erotic  and  sensational  poetry,  notably 
Byron  and  Keats.) 

C.  N.  Contains  a  lofty  concept,  and  is  probably  epical;  not  very  decisive 
or  tumultuous, — ^at  least  it  does  not  manifest  emotions  freely;  thought  tibe 
sounds  were  produced  in  the  rear  part  of  the  mouth ;  was  radier  hard  to  say. 

D.  P.  Sounded  dramatic  and  oratorical;  a  trifle  tragic,  but  not  wildly  so; 
nevertheless  it  is  not  resigned;  quite  hard  to  say,  and  seemed  to  be  full 
of  thin,  high  sounds. 

F.  P.  Slightly  laborious  here  and  there;  some  lines,  notably  Nos.  5  and  9 
went  slowly;  had  no  imagery. 

K.  P.  Slightly  rhetorical,  but  restrained  in  its  emotion ;  felt  his  own  breatk 
and  pulse  quicken  at  times;  there  is  tonal  and  emotional  warmth  about  it^— 
more  so  than  with  any  previous  experiment.    It  is  not  easy  to  read. 

L.  P.  It  might  be  Tennyson  in  Swedish  or  Dutch ;  was  so  taken  up  with 
the  pronunciation  that  nothing  in  the  way  of  mood  or  emotion  came. 

M.  U.  It  dragged  horribly  and  was  hard  to  say ;  felt  as  if  the  tongue  were- 
too  large  for  the  mouth;  the  first  five  lines  began  to  mean  something',  bat 
it  all  tumbled  suddenly  into  nothing  again. 

P.  P.  Felt  dreadful  tensions  in  the  finger,  which  seemed  to  be  pnlling^ 
an  enormous  weight;  could  not  get  this  out  of  consciousness,  and  so  no^ 
meaning  or  emotions  came. 

S.  P.  Describes  some  fight  or  conflict;  the  feeling  is  not  so  intense  as  it. 
might  be ;  it  seems  more  internal,  more  like  giving  oneself  needless 

Tennyson,  Experiment  XIII 

There  often  as  he  watched,  or  seemed  to  watch, 
So  still  the  golden  lizard  on  him  paused, 
A  phantom  made  of  mam   phantoms  moved 
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Before  him  haunting  him,  or  he  himself 
Moved  haunting  people,  things  and  places,  known 
Beyond  the  line;  the  mill,  the  leafy  lanes, 
The  peacock  yewtree  and  the  lonely  Hall, 
The  horse  he  drove,  the  boat  he  sold,  the  chill 
November  dawns  and  dewy-glooming  downs. 
The  gentle  shower,  the  smell  of  dying  leaves.  .  .  . 

Tennyson,  Experiment  XIV 

Thu  stol  den  zel  ing  gade  and  mozard  ween 
Thu  len  ton  chazly  f  annock  paunt  or  thill 
Be  mingz  him  choffen  mawzd  or  s65vd  thu  lor 
No  shen  thu  rawnz  to  cheel  thu  gloney  f  and 
And  ni  thu  sooming  vownz  and  bawnting  nelf 
Ra  wone  thu  neevz  a  smold  him  loobry  hawn 
Thu  falton  plass  or  hemple  me  thu  sove 
Thu  dil  him  sond  6v  bote  thu  lootree  deem 
Be  forthing  glid  he  towd  thu  padri  yill 
So  deel  6v  yame  and  solgern  hethu  vore.  .  .  . 

Tennyson  XIV.     (The  transmogrification  of  XIII.) 

A.  N.  Peculiarly  baffling  sort  of  a  description, — ^now  of  nature,  now  of  a 
person;  very  much  like  a  sad  reminiscence  and  full  of  a  sombre,  wild 
melancholy;  had  visual  imagery  of  rank  nature. 

B.  U.  Seems  like  extolling  or  eulogizing  some  person  for  patience  and 
benevolence;  did  not  seem  very  poetical;  the  kinaesthesis  was  chiefly  dental. 

C.  P.  Interesting  description  of  something;  puts  him  in  a  mood  similar 
to  that  of  Gray's  Elegy;  there  is  some  human  Interest  involved  and  some- 
thing is  at  stake.  Very  good  poetry,  and  it  runs  along  very  smoothly;  the 
kinaesthesis  seemed  to  be  more  forward  than  usual. 

D.  P.  Gives  a  feeling  of  sadness ;  dreamy  pessimism  of  a  quiet  diaracter 
involved;  it  does  not  describe  activity,  but  has  to  do  with  some  outdoor, 
natural  scene.    Prefers  lines  6  and  8. 

F.  P.  Full  of  emotion;  visualizes  a  rich  natural  scene,  full  of  shade  and 
trees  and  water;  somewhat  pastoral  in  aspect,  but  not  in  the  feelings  one  has 
about  it;  the  sounds  flow  together  nicely,  and  at  times  seem«  a  little  like  a 
speech. 

K.  P.  It  is  melancholy  and  resigned,  and  is  not  dynamic;  tells  a  sad 
story  and  induces  tensions  and  feelings  of  restraint  at  times. 

L.  P.  Full  of  moral  enthusiasm,  devotion  and  the  like;  may  .be  the  de- 
scription of  some  medieval  character,  knight,  or  noble  person;  very  lovely 
and  poetic. 
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M.  P.  Thinks  of  Chaucer's  poetry ;  interesting  and  romantic  description  of 
a  maiden  about  to  have  some  adventures;  the  words  '^fannock;**  "paunt,'' 
and  "nelf '  very  rememberable. 

P.  P.  Gives  a  rather  hypnotic  and  dazed  feeling;  the  tapping  seems  enor- 
mously labored ;  likes  line  5  the  best  of  all. 

S.  P.  Reminds  him  of  Sohrab  and  Rustum;  got  no  imagery  but  had  a 
tense  feeling  all  the  way  through;  may  be  describing  some  natural  scene. 

Shelley,  Experiment  XIII 

Where  plants  entwine  beneath  the  hollow  rocks 
Beside  a  sparkling  rivulet  he  stretcht 
His  languid  limbs ;  a  vision  on  his  sleep 
There  came,  a  dream  of  hopes  that  never  yet 
Had  flushed  his  cheek ;  he  dreamed  a  veiled  maid 
Sate  near  him,  talking  low  in  solemn  tones ; 
Her  voice  was  like  his  own,  its  music  long 
Like  woven  sounds  of  streams  and  breezes  held 
His  inmost  sense  suspended  in  its  web 
Of  many  colored  woof  and  shifting  hues. 

Shelley,  Experiment  XIV 

Thu  pleeth  en  tine  hiz  rolling  kossed  spar 
Be  stand  whare  hivling  nide  a  let  en  sleem 
That  skolling  stronz  6v  lanyun  buf  zu  woo 
And  chev  hiz  lois  ho  resk  and  pon  a  stree 
In  tizh  be  line  its  drame  he  miz  y65  reen 
Hiz  shef  t  sam  tewz  thar  yeng  sa  va  wid  fleek 
Li  mong  her  tush  a  cheemd  its  keetik  ho 
Hiz  breemy  vowndz  he  dawk  6v  lenmost  win 
Had  zeld  6v  wopen  shimz  him  stensed  hewm 
Wos  volerd  spo  ke  vik  set  dralerz  win. 

Shelley  XIV.     (The  transmogrification  of  XIII.) 

"A.  P.  Has  a  feeling  that  the  thing  described  is  a  rather  unfortunate  affair, 
and  deserves  sympathy ;  later  comes  the  idea  that  somebody  is  speaking  largeljr 
of  himself,  maybe  even  in  braggadocio. 

B.  P.  Visual  imagery  of  the  sea  shore  and  people  on  it;  a  good  deal  of 
the  "n-drone"  in  the  poem,  and  this  calls  up  the  roar  of  the  sea;  the  fint 
^our  lines  are  easier  to  say  than  the  last  six. 

P.    v^oory  sort  of  a  thing;  s^'^'^s  animistic  at  times;  gr'  tb*  *dea  of 
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the  sun  tshining  and  the  word  "biz"  brought  up  rather  ^oistic  notions. 
Kinaesthesis  frequently  back  in  the  mouth. 

D.  P.  Thinks  of  a  slippery  and  slidy  waterfall;  several  times  it  gave  a 
creepy,  and  crawly  feeling;  visualized  the  "Nude  descending  the  Stairs." 

F.  P.    Flows  very  well ;  gives  an  outdoors,  cool  effect. 

K  P.  Slightly  rhetorical,  but  not  heavy  or  sombre;  very  clear  and  light 
sounds,  and  it  runs  off  just  as  easily  as  real  words  do. 

iL.  U.  Cannot  seem  to  make  it  blend ;  it  doesn't  fit  into  any  organic  rhythm ; 
the  fourth  line  alone  good. 

M.  P.  It  is  first  a  narrative,  and  then  something  very  mysterious  and  like 
a  fairy  tale;  like  the  story  of  some  very  wonderful  thing,  told  with  wide 
open  eyes.    Strange  that  it  should  sound  so  foreign  and  also  so  familiar. 

P.  P.  The  first  half  is  very  good,  the  last  not;  organic  strains  come  in  at 
the  end,  and  make  it  pull  very  hard.   "Lanion"  is  a  very  good  word. 

S.  P.  Describes  an  adventurous  scene;  concerned  with  human  life  very 
intimately;  gets  social  concepts  about  it  and  maybe  an  idea  of  some  work  or 
activity. 

Milton,  Experiment  XIII 

Before  the  gates  impaled  with  fire  there  sat 
On  either  side  a  formidable  shape. 
The  one  seemed  woman  to  the  waist,  and  fair, 
But  ended  foul ;  about  her  middle  roimd 
A  cry  of  Hell-hounds  never-ceasing  barked 
And  rung  a  hideous  peal.     The  other  shape, 
If  shape  it  might  be  called  that  shadow  seemed, 
For  each  seemed  either — black  it  stood  as  night, 
And  shook  a  dreadful  dart;  what  seemed  its  head 
The  likeness  of  a  kingly  crown  had  on. 

Milton,  Experiment  XIV 

Thu  mor  ble  gire  be  tase  on  lape  thu  deeth 
Im  sta  thar  fide  a  shaling  'fordul  wees 
It  bowm  her  s65  mi  wendly  karb  an  tow 
But  kile  ed  mare  and  krelyus  won  er  sta 
Thu  lound  his  ningful  peem  with  shallder  sev 
It  sha  zound  bleeth  er  f  ung  ro  pile  a  chee 
Thu  doopness  hi  but  sta  da  nock  das  hid 
What  dees  thu  med  6v  shemd  a  cruv  had  rish 
See  tood  ma  das  a  thod  mo  kowm  if  hi 
Ne  drod  ba  tark  az  fud  re  koop  that  ree. 


98  ROBERT  CHENAULT  GIVLER 

Milton  XIV.     (The  transmogrification  of  XIII.) 

A.  U.  Gives  a  feeling  of  sombreness,  and  arouses  ideas  of  death  and 
fatalism;  makes  him  very  depressed  and  he  asked  himself  the  questioiit 
"what  boots  it";  consciousness  directed  toward  the  sensory  side,  and  felt 
much  strain  and  tension. 

B.  P.  Gives  an  idea  of  some  activity,  like  the  chase,  or  even  trouble  of 
some  sort;  smooth  and  rhythmic  all  through;  head  resonance  very  pro- 
nounced, and  the  whole  mouth  cavity  seemed  to  be  active. 

•C.  P.  Seems  to  be  an  exact  description  of  some  rough  scene,  maybe  of 
a  rough  and  rocky  country;  some  event  is  taking  place  at  the  present  time* 
perhaps  in  the  "historicar  present  Kinaesthesis  not  noticed  especially; 
prefers  lines  j,  4,  and  5. 

D.  P.  It  is  not  emotional  and  not  romantic;  seems  to  be  telling  about 
some  difficult  situation;  sounds  are  hard  and  rocky,  and  yet  it  all  blends 
smoothly  together;  "d"  and  "m"  very  prominent,  and  "mcd,"  "des,"  ctc^ 
particularly  noticed. 

F.  P.  Sounds  like  a  bass  drum;  it  pounds  along  and  gives  a  feelln^^  of 
strain  and  force  and  sometimes  harshness,  but  as  a  whole  it  knits  together 
well;  the  numerous  ''d"  sotmds  are  provocative  of  strain  sensations,  and 
the  pleasure  comes  from  doing  a  difficult  task  well,  or  neariy  so. 

IK.  P.  No  very  definite  meaning  to  it  at  all,  but  in  general  it  is  weird  and 
now  and  then  cumbersome;  easy  to  say,  rhythmic. 

L.  P.  Not  a  lyric,  but  a  very  serious  and  heavy  narrative ;  describes  some* 
thing  like  a  tournament,  and  the  shock  of  arms;  could  not  keep  the  excite- 
ment out  of  his  voice. 

M.  U.  Got  very  annoyed  at  it  the  more  she  said  it;  does  not  think  it 
is  at  all  lyric  or  gentle ;  too  many  "d"  sounds,  whidi  made  it  drag  and  scrape 
along;  for  a  whale  it  sounded  like  some  of  Chaucer,  but  then  she  decided 
it  was  quite  modern;  even  belligerent  at  times. 

P.  P.  Line  5  has  a  meaning,  but  he  did  not  get  it;  it  ought  to  mean  a  lot; 
the  last  four  lines  pulled  like  everything  and  strain  sensations  were  felt 
all  over  the  body. 

S.  P.  It  is  a  narrative  of  some  strong  and  determined  activity  all  through; 
seems  to  be  told  in  the  first  person;  cannot  think  it  is  lyric,  or  gentle  at 
all;  did  not  let  himself  get  into  it  very  far,  as  he  does  not  like  tiiat  sort  o£ 
poetry. 

Wordsworth,  Experiment  XIII 

Abundant  recompense ;  for  I  have  learned 

To  look  on  nature,  not  as  in  the  hour 

Of  thoughtless  youth ;  but  hearing  oftentimes 

The  still,  sad  music  of  humanity, 

Nor  harsh,  nor  grating,  though  of  ample  power    " 

To  chasten  and  subdue.    And  I  have  felt 

A  presence  that  disturbs  me  with  the  joy 
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Of  elevated  thoughts;  a  sense  sublime 
Of  something  far  more  deeply  interfused, 
Whose  dwelling  is  the  light  of  setting  suns.  .  .  . 

Wordsworth,  Experiment  XIV 

Too  lens  6v  murd  3.  bunyoor  noi  dint  zi 
Nor  stellom  kree  mens  nate  ing  var  nid  merbz 
Li  pon  a  zet  for  chadden  prelling  nowr 
Hav  s661ter  grenned  yote  ing  hiv  thu  kime 
Az  thawn  on  looth  ad  hovless  ml  thu  dase 
Dis  tarn  but  f ewt  or  thate  ing  mewple  nid 
Too  hiften  thodring  jase  ik  wes  ni  lowr 
Hew  thi  sov  paf  hooz  lawts  o  rith  e  tewd 
Sub  tel  thu  sish  a  zat  6v  wes  e  thun 
Sub  tize  thu  spec  vom  tos  hav  niz  6v  nar.  .  .  . 

Wordsworth  XIV.     (The  transmogrification  of  XIII.) 

A.  U.  Seems  to  be  a  vague,  meaningless  jumble;  suspects  that  it  is  philo- 
sophical; certainly  it  is  not  the  description  of  any  activity,  and  does  not 
have  anything  to  do  with  the  common  acts  of  life;  not  heroic  nor  epical. 

B.  P.  Fairly  smooth  and  rhythmic;  mellow;  meant  something  warm  and 
pleasant;  visual  imagery  of  summer  scenes,  rivers,  and  green  shade  and 
kindred  things;  idle,  rather  than  active,  and  musing  rather  than  otherwise; 
in  spite  of  the  apparent  number  of  ''th"  and  ''s"  sounds,  it  was  kinaestiietically 
pleasant 

C.  P.  It  is  descriptive  of  nature,  and  has  no  climax;  runs  along  easily 
and  smoothly;  and  the  kinaesthesis  is  quite  forward. 

D.  U.  Gave  a  cold  and  clammy  feeling;  even  snaky  at  times;  it  not  active 
and  does  not  contain  anything  erotic;  imagery  of  nature,  but  not  in  summer; 
"kremense"  gave  the  idea  "cream"  =  "food." 

F.  N.  Seems  to  go  very  freely  and  easily;  many  French  sounding  words 
in  it ;  no  imagery. 

K.  P.  Gets  a  feeling  of  resignation,  and  slight  melancholy;  noticed  the 
breathing  and  pulse  were  quickened  toward  the  end ;  sounds  were  not  noticed 
at  all. 

L.  P.    Narrative  poetry;  slightly  elevated  and  epical. 

M.  P.  Quiet  and  subdued  in  some  places ;  but  often  the  look  of  the  words 
disturbs  the  mood;  no  imagery. 

P.  P.  Meant  nothing  as  a  whole,  though  several  of  the  words  began  to 
mean  their  phonetic  equivalent;  goes  well  and  recites  easily;  gives  the  feeling 
that  he  is  hearing  some  one  recite  something  well  learned. 

S.  P.  It  is  like  a  description  of  (Nature,  perhaps,  of  the  sea,  the  woods, 
or  hills, — something  grand  and  lofty;  there  is  a  tinge  of  regret  in  the  last 
three  lines,  and  it  seems  to  be  mystically  said ;  went  easily  and  rhythmically. 
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Coleridge,  Experiment  XIII 

'Tis  the  merry  nightingale 
Beside  a  brook  in  mossy  forest  dell, 
That  crowds,  and  hurries,  and  precipitates 
With  fast  thick  warble  his  delicious  notes, 
With  skirmish  and  capricious  passagings, 
And  murmurs  musical  and  swift  jug  jug, 
And  one  low  piping  sound  more  sweet  than  all, 
As  he  were  fearful  that  an  April  night 
Would  be  too  short  for  him  to  utter  forth 
His  love-chant,  and  disburthen  his  full  soul 
Of  music! 

Coleridge,  Experiment  XIV 

Thu  rale  in  tiz  mi  brem  dus  ni  zik  mur 
With  tull  est  crown  an  too  merz  ged  ri  kos 
Ja  dile  ing  mew  nad  p6  gu  soof  ik  nal 
Di  f  urdz  him  sweeful  nadriz  worthan  mewb 
With  rastful  hiz  that  tingz  az  reeble  skerth 
De  jownd  us  list  wood  sto  ter  shandik  spee 
Wer  hile  tish  f eechant  lorsej  mm  and  swo 
Be  sig  6v  ti  mor  ber  nad  few  ka  pash 
For  sil  this  tav  per  sate  lath  hiz  noo  shath 
Pre  mert  z6  ta  too  hift  en  prind  his  wun. 

Coleridge  XIV.     (The  transmogrification  of  XIII.) 

A.  U.  Got  a  conglomeration  of  feelings  and  ideas, — ^the  whole  mental 
state  was  disordered;  felt  that  it  meant  something,  but  could  only  fhlnk  of 
something  to  be  prevented;  never  came  to  clear  consciousnss. 

B.  U.  First  impression  was  that  the  sounds  were  mostly  dental;  does  not 
seem  smooth  and  even,  but  jerky  and  overdone;  it  is  telling  something  in  a 
poor  way,  or  else  something  that  is  not  very  important  ^'Rastful  Uif* 
brings  up  the  idea  of  conflict.    Some  of  the  accents  bother  very  much. 

C.  P.  Explanation  and  reexplanation  all  the  way  through ;  trying  to  cfaaqge 
•n  opinion  and  get  a  change  of  attitude;  yet  it  is  quiet  and  intimate  and 

neither  profound  nor  very  active ;  seems  to  be  an  appeal  to  the  intellect  rather 
^^n  to  the  emotions. 

D.  P.  Doesn't  seem  very  peaceful  or  placid;  there  seems  to  be  an  extrar- 
jrdinary  number  of  the  "s,**  "z"  and  "t"  sounds  in  it;  the  thing  was  to  hard 
^  cav  ^hat  in  attention  could  ^'^  jv-^n  to  *he  meaning. 
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F.  P.  Pleasant  rhythm,  but  the  content  seems  dry  and  wooden;  the  sounds 
flow  together  fairly  well,  but  it  has  no  color. 

K  P.  For  the  most  part  the  sounds  are  rather  cool  and  clear;  at  times  a 
trace  of  melancholy  enters  in;  the  sounds  are  well  arranged  and  the  rhythm 
is  uninterrupted. 

L.  U.  "Horrid !"  No  melody  to  it ;  the  sounds  do  not  blend  together,  and 
no  reaction  comes  at  all. 

M.  P.  At  first  it  sounded  "worked  over"  and  not  spontaneous,  but  after- 
wards it  got  to  be  a  quiet  little  narrative,  or  a  quiet  talk;  tries  to  be  a  little 
solemn  at  times,  but  soon  lightens  up  and  gets  almost  "pert." 

P.  N.  Means  absolutely  nothing;  some  of  the  words  tend  to  get  respelled 
and  mean  something  in  English,  German  and  French,  but  the  organic  strains 
accompanying  the  process  take  the  focus  of  consciousness;  "rastful  hiz" 
ought  to  mean  something. 

S.  N.  Nothing  suggested  or  aroused  by  it;  got  no  imagery,  nor  was  any 
sound  prominent;  it  was  just  ^  thing  to  say,  and  he  was  glad  to  get  through. 

Browning,  Experiment  XIII 

Is  this  apparent,  when  thou  tumst  to  muse 
Upon  the  scheme  of  earth  and  man  in  chief, 
That  admiration  grows  as  knowledge  grows  ? 
If,  in  the  morning  of  philosophy, 
Ere  aught  had  been  recorded,  nay  perceived, 
Thou,  with  the  light  now  in  thee,  couldst  have  looked 
On  all  earth's  tenantry,  from  worm  to  bird, 
Ere  man,  her  last,  appeared  upon  the  stage — 
Thou  wouldst  have  seen  them  perfect,  and  deduced 
The  perfectness  of  others  yet  unseen. 

Browning,  Experiment  XIV 
The  numst  a  par  un  skee  that  won  ed  ra 
Shu  Ion  ant  f  erd  erz  whem  too  ch5rm  tho  meef 
Je  zume  ent  thur  had  lin  ra  woze  in  gris 
Now  yam  per  thul  if  dreep  iz  la  feet  rin 
Re  mord  ow  sta  them  jud  ra  seel  up  nad 
Her  staz  ing  15  feet  mee  from  ness  in  stoon 
De  gra  mi  tith  and  per  thee  vi  nif  kawm 
Thur  wan  thap  vid  now  ken  thon  dees  the  nad 
Tu  doth  her  nos  of  bew  pez  tek  of  noor 
Thu  durs  the  tep  hav  ton  thou  stib  up  tos. 
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Browning  XIV.     (The  transmogrification  of  XIII.) 

A.  U.  Sounds  somewhat  descriptive,  and  somewhat  philosophical;  slightly 
remorseful  feeling  at  times. 

B.  U.  Not  good  poetry  at  all;  too  stilted  and  commonplace;  may  describe 
some  strife  or  disconcerted  state  of  mind;  very  hard  to  read,  to  say,  and 
to  tap ;  the  first  tonal  impression  was :  "ssth."  Yet  the  rhsrthm  seems  very 
good,  even  if  the  sounds  are  not  smooth  and  mellow. 

C  P.  Some  parts  are  smooth  and  others  are  rough ;  seems  Uke  one  sound 
after  another  and  nothing  more;  the  kinaesthesis  h  very  far  forward. 

D.  U.  The  sounds  jump  around  very  irrationally ;  much  impressed  with  the 
tonal  inconsistency.    No  meaning  could  he  possible  in  this  passage. 

F.  U.  Hard  to  say ;  wants  to  go  on,  but  cannot ;  sounds  like  jumping  from 
one  stone  to  another  across  a  brook;  it  doesn't  flow  at  all;  to  say  some  of 
the  sounds,  e,g.  "durz"  gives  him  an  awful  pain  in  the  nose. 

K.  U.  Rhetorical  and  slightly  melancholy;  interesting  because  vadx  a 
dreadful  jumble  of  sounds;  couldn't  say  it  fast;  feels  as  if  he  had  bombarded 
his  face  with  words. 

L.  U.  It  is  some  soliloquy,  giving  the  pros  and  cons ;  doesn't  excite,  and  is 
not  important  or  profound. 

M.  U.  It  is  not  poetry ;  the  pleasant  sounds  are  in  the  minority ;  took  all  the 
attention  to  say  it,  and  means  nothing;  seems  like  one  hundred  separate 
syllables. 

P.  P.  Has  no  meaning,  but  goes  rather  easily;  "her  stazing,**  etc.,  ought 
to  have  some  meaning,  but  it  doesn't. 

S.  P  .  Seems  calm  and  quiet,  and  dra^s  some  analogy  between  nature  and 
human  life;  has  just  a  touch  of  sadness  in  it;  it  is  animistic,  and  psycholo- 
gizes; at  the  end  it  seems  not  sad,  but  calm. 

Marlowe,  Experiment  XIII 

I  will,  with  engines  never  exercised, 
Conquer,  sack,  and  utterly  consume 
Your  cities  and  your  golden  palaces ; 
And  with  the  flames  that  beat  against  the  clouds, 
Incense  the  heavens,  and  make  the  stars  to  melt, 
As  if  they  were  the  tears  of  Mahomet, 
For  hot  consumption  of  his  country's  pride ; 
And  till  by  vision  or  by  speech  I  hear 
Immortal  Jove  say,  "Cease,  my  Tamburlane," 
I  will  persist,  a  terror  to  the  world. 

Marlowe,  Experiment  XIV 
I  sill  thu  nev  yoor  kong  en  zoom  thu  wen 
And  flazer  tex  that  guld  in  kloum  T  zelt 
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Im  dile  shun  ko  for  menst  an  geeb  hiz  lane 
Thu  tamriz  wer  with  prent  a  stember  sanz 
Tha  chee  tal  spor  un  radz  yoor  sind  haz  lake 
Too  sem  thu  parz  and  ho  jinz  wav  er  zeer 
A  stith  6v  tos  bi  vizh  a  wimp  ter  zerld 
Bur  kide  iz  tif  ker  mor  nad  s66  ni  lens 
Thu  hiv  erk  tov  sa  jTt  per  weet  re  tesk 
Do  rut  mi  hees  6b  ta  kon  tus  li  tam. 

Marlowe  XIV.     (The  transmogrification  of  XIII.) 

A.  P.  Thinks  of  something  in  connection  with  government  or  rulers, 
monarchies,  or  the  like;  very  egoistical,  and  is  a  conversation  describing 
something  in  utter  pride;  hard  to  say  until  this  meaning  became  focal. 

B.  P.  Predominantly  dental ;  the  rhythm  is  very  good ;  no  meaning  except 
one  of  vigorous  activity;  thinks  of  something  high  and  bleak,  like  a  preci- 
pice and  people  near  it;  not  liquid  or  labial  enough  to  be  the  best  kind  of 
poetry. 

C.  P.  Describes  something,  possibly ;  arouses  some  attitude  of  eagerness  and 
slight  forcefulness,  and  the  kinaesthesis  was  very  far  forward  in  the  mouth 
as  if  it  was  an  oration. 

D.  U.  It  is  rough,  jerky,  noisy  and  shallow,  and  gets  worse  at  the  end; 
seems  very  high  pitch,  and  the  "s"  is  too  prominent;  it  is  vigor  without  depth. 

F.  P.  Has  no  harsh  sounds,  and  flows  well, — also  better  at  the  start 
than  at  the  end ;  images  some  one  reciting  very  loud,  standing  up,  and  railing 
at  the  social  order  of  things. 

K.  U.  The  sounds  get  worse  and  worse  and  the  whale  thing  is  one  em- 
phatic drive  from  beginning  to  end;  seemed  ludicrous  on  this  account 

L.  U.  Description  of  something,  or  else  philosophizing,  but  has  no  emo- 
tional depth;  more  or  less  interesting  as  a  collection  of  sounds,  but  there  is 
not  much  to  be  gotten  out  of  it. 

M.  U.  It  is  hard  work,  not  poetry;  gets  the  idea  that  someone  is  digging 
away  with  a  dull  shovel,  ten  pounds  of  work  to  one  ounce  of  earth;  can 
manage  the  first  five  lines  fairly  well,  but  the  rest  has  neither  rhythm,  nor 
beauty. 

P.  P.  It  means  nothing,  but  the  saying  of  it  is  a  dreadful  strain;  tried  to 
let  some  of  it  go  freely  and  then  he  got  all  mixed  up;  and  even  when  he  tried 
to  control  it,  it  began  to  pull  his  arm  like  a  ton  of  lead;  had  to  go  slow  and 
rest  while  he  said  it. 

S.  P.  Some  passionate  and  disturbing  person  is  "bluffing**  in  this  poem; 
there  is  depicted  passion,  scorn  and  defiance. 

Rank  lists  for  the  experiments  numbered  XIII  and  XIV,  per- 
formed during  the  second  year's  work. 
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II.  M.V. 

A. e        S        i  fhhgghh 

B d        f        d  d        g        c        d        I        g        g 

C f        d        e  h        e        f        f        e        f        f 

jj i         i         i  g        €        g        h        i         c        c 

F.  c        c        c  c       d        d        b        c        c        c 

K. j  (throughout) 

L.  eegefccddd 

M h        h        h  i         i         i         i         h        i         i 

P a  (throughout) 

S b        b        b  b        b        b        c        b        b        b 

III.  Rnj. 

A f  i  i  j  h  b  i  j  i  g 

B e  g  d  i         i  g  j  i         j  a 

C b  f  f  h        j  e  d  c  g  i 

D m  dej  cgj  ahcb 

F h  b  g  f        c  c  b  f  a  f 

K c  d  e  d  b  i  h  d  c  h 

L j  h  c  e  a  d  g  g  h  d 

M g  j  a  g        f  f  c  e  b  j 

P a  a  b  b        d  a  e  a  d  e 

S i  c  h  a  e  h  f  b  f  c 

Correlations  in  Point  of  Vowel  and  Consonant  Quality, 

Quantity  and  Periodicity 

The  rank  lists  for  these  experiments  are  the  best  we  have  yet 
obtained,  for  even  those  for  the  mean  variation  and  the  range 
show  much  steadiness  of  position  for  the  various  subjects.  The 
correlation  between  feeling  tone  and  motor  discharge,  however  is 
of  the  same  general  type  as  we  have  obtained  before;  the  unpleas- 
ant and  the  neutral  experiments  produce  the  longest  tapped 
strokes,  and  usually,  also,  the  Transmogrifications  produce  longer 
tappings  than  do  the  sources  from  which  they  were  derived. 
This  was  also  shown  by  the  graphs  for  these  experiments  which 
may  be  considered  somewhat  in  detail.  They  show  exactly  the 
same  effects  as  the  two  first  transmogrifications  did, — ^that  the 
explosive  consonants  and  the  short  vowels  produce  a  greater 
motor  effect  than  do  the  liquids  and  the  long  vowels;  take,  for 
example  the  first  four  of  these  experiments  performed,  the  Keats 
XIII  and  XIV,  and  the  Byron  XIII  and  XIV.  The  Keats  XIV 
graph  was  higher  than  the  Keats  XIII,  and  the  Byron  XIV  higher 
than  the  Byron  XIII ;  the  XIV's  are  also  both  longer  than  the 
XIIFs.  Now  take  another  point  into  consideration:  there  are 
in  the  Keats  XIV  23  short  accented  vowels,  and  40  short  unac- 
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cented  or  the  unaccented,  can  be  the  cause  of  heightened  motor 
manifestation.  To  this  effect,  then,  we  ally  the  results  of  our 
previous  investigation  in  regard  to  the  length  of  the  "long^* 
vowels:  in  both  cases  it  appears  that  the  intentional  prolonga- 
tion of  a  letter  or  syllable  in  consciousness  is  one  thing,  and 
the  reverberant  effect  o'f  such  prolongation  is  another.  In  such 
cases  one  can  at  least  catch  a  curious  glimpse  of  the  functional 
nature  of  some  phases  of  the  introspective  and  motor  con- 
sciousness in  their  overlapping  parts  in  point  of  the  qualitative 
distinctions  to  be  made  between  quantitative  similars  which  only 
an  analysis  from  the  twofold  standpoint  of  psycho-motor 
manifestations  would  break  up  out  of  a  subtle  fusion. 

Mention  must  be  made  again  of  the  form-quality  of  the  graphs 
for  these  first  long  experiments.  Just  as  characteristic  differences 
had  occurred  in  the  graphs  for  the  single  lines  of  each  of  the 
poets,  so  here  the  XIII  experiment  for  any  poet  produced  a 
graph  which  had  individuality  as  contrasted  with  the  XIII  of 
any  other  poet.  Likewise  with  the  XIV  experiments.  •  Those 
passages,  whether  XIII  or  XIV  which  had  gone  easily  and 
smoothly  in  the  recitation  also  went  smoothly  in  the  motor  con- 
sciousness and  the  dip  of  the  graph  line  from  first  to  fifth  foot 
was  more  marked  than  in  those  poets  which  produced  other  than 
the  above  mentioned  effects.  In  every  case  the  motor  display  and 
the  introspectional  flow  showed  what  at  least  by  analogy  might 
be  called  common  parts.  Not  strange,  of  course,  since  by  this 
time  the  motor  pattern  of  consciousness  on  the  voluntary  move- 
ment side  was  now  paralleled  by  the  apperceiving  tendencies  of 
the  reading  and  speaking  consciousness. 

In  many  cases  by  actual  counting  of  the  accented  and  un- 
accented vowels  and  consonants,  it  was  not  easy  to  see  why 
some  of  the  introspective  and  motor  effects  were  produced. 
Frequently  the  very  look  of  the  page,  before  an  attempt  to 
read  it  had  been  made,  would  suddenly  'set"  the  motor  ten- 
dencies in  a  very  definite  way,  while  the  results  of  this  "setting**^ 
would  conflict  with  the  auditory  side  of  consciousness  at  the 
termination  of  the  experiment.  And  so  we  had  the  conflict 
of  such  things  as  the  fusion  o'f  subliminal  stimuli  for  the  read- 


ELEMENTS  OF  SPEECH  IN  RELATION  TO  POETRY       109 

THE     TRANSMOGRIFICATION     OF     OTHER     THAN 
BLANK  VERSE  INTO  TEN-LINE  PASSAGES 

Only  five  subjects  took  part  in  the  third  year's  work.  With 
one  exception,  the  experiments  were  all  transmogrifications  of 
other  than  passages  of  blank  verse  poetry.  This  exception  was 
Shakespeare  XIII.  No  suitable  passage  had  been  found  during 
the  first  two  years  of  the  work,  and  this  was  the  cause  of  the 
delay.  The  numbers  attached  to  the  third  year's  experiments 
mean  as  follows:  XV  means  a  passage  of  poetry,  not  blank 
verse,  transmogrified, — usually  a  passage  in  decasyllabic  lines; 
further  experiments,  numbered  XVI,  etc.,  means  usually  a  pas- 
sage of  shorter  than  decasyllabic  verse. 

These  poems  were  not  very  successful  in  the  experiment  In 
the  first  place,  rhyme  is  an  encumbrance  to  the  transmogrifier, — 
it  makes  alliteration  almost  a  necessity,  if  one  is  to  transmogp^ify 
line  for  line  or  keep  the  first  lines  of  the  poem  in  the  first  lines 
of  his  construction;  in  the  second  place,  short-lined  poetry  does 
not  have  enough  tonal  body,  usually,  to  be  satisfactorily  trans- 
mogrified into  the  heavier  decasyllabic  lines;  there  is  something 
solid  about  iambic  pentameter  which  must  be  maintained  in  order 
to  keep  the  effect  serious  and  dignified. 

We  next  give  the  introspection  of  the  third  year's  experimen- 
tation, and  after  that,  a  resume  of  the  numerical  results  and  the 
correlations  on  the  basis  of  feeling  tone  and  motor  discharge. 

Keats,  Experiment  XV 
Second  transmogrification  of  "I  stood  tiptoe  upon  a  little  hill." 

I  hon  tie  to  thu  il  tip  ster  bi  vit 

So  lood  ing  prand  up  kide  est  mod  u  thil 

With  udz  in  bool  wuz  drant  ing  sterv  thu  slare 

A  lis  ing  kide  u  lape  li  chist  6v  whemz 

And  fant  er  toop  ri  whemz  eet  som  H  neevd 

Pul  ost  a  lat  thare  din  yet  thob  thu  dar 

From  fi  li  kov  the  ept  had  mawt  thu  tost 

Az  eur  thoze  klorn  and  flowdz  thare  pite  neu  slere 

Thu  brox  li  f rook  swand  kresh  from  skete  eu  swen 

Bland  ev  ringz  kler  tha  hept  wer  shon  thu  eeldz. 
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This  passage  contains  the  first  fifty  accented  and  the  first 
fifty  unaccented  syllables  of  the  poem  from  which  it  was  taken. 

Introspection 

B.  P.  Flows  well,  and  the  rhythm  is  regular  and  satisfactory;  seems  to 
be  telling  some  tale,  perhaps  slightly  epical  in  nature.  Upon  readins  it  a 
second  time,  got  imagery  of  a  shore  and  a  chivalric  or  romantic  scene;  the 
setting  may  be  slightly  sexual  in  its  significance. 

F.  P.  The  most  pleasant  lines  are  Nos.  6  and  ii;  makes  him  think  of 
Anglo  Saxon  poetry;  imagery  of  an  open  air  scene,  with  sunshine  and 
flowers ;  some  of  the  sounds  appear  remarkably  strong  for  such  a  description. 

K.  P.  Sounds  a  little  mysterious  and  melancholy;  thinks  of  English 
country  scenery  in  the  fall  of  the  year, — certainly  not  in  the  winter;  nrther 
warm,  tonally,  but  not  at  all  deep;  felt  the  pitch  to  sink  a  trifle  towand  the 
end ;  surprised  that  it  went  even  as  well  as  it  did ;  kinaesthesis  not  noticed. 

L.  P.  Recalls  the  days  of  chivalry,  and  thinks  of  King  Arthur;  gives 
a  thrill  in  the  breast  to  read  it,  and  it  all  goes  very  smoothly ;  f dt  the  accent 
to  be  very  prominent  and  expressive;  it  sounds  famiHar,  but  he  cannot  tell 
when  or.  where  he  has  seen  it  before. 

M.  P.  Seems  very  long;  at  first  the  imagery  was  that  of  a  ship  and 
the  sound  of  the  water  and  the  calls  of  the  sailors,  but  later  it  changed 
to  a  more  subtle,  and  very  delicate  thing  like  isome  romantic  scene  and  idle 
and  care-free  people;  the  consciousness  was  a  sound-consciousness  entirely^ 
with  the  exception  of  fleeting  visual  imagery,  and  the  tapping  was  forgotten 
entirely. 

Byron,  Experiment  XV 

The  transmogrification  of  the  "Apostrophe  to  the  Ocean/*  be- 
ginning with  "There  is  a  pleasure  in  the  pathless  woods/'  and 
ending  with  the  fiftieth  accented  and  the  fiftieth  unaccented 
syllable. 

Thu  plare  less  win  iz  ath  oor  loodz  ii  pezh 
tJ  ron  ture  thare  Ii  nore  thu  pash  iz  trone 
So  thon  whare  oodz  in  si  iz  thare  zik  rifn 
And  meu  dits  bi  thu  nore  tepe  Ian  e  se 
Ni  muv  thu  wha  f  rin  eel  ter  chim  but  lor 
I  stin  thot  meez  ure  thes  our  fing  be  vail 
I  pran  thu  win  gle  nith  6t  or  kon  s66 
And  kes  too  yare  ket  all  rex  tid  om  do 
L56  bele  an  kar  yole  1  not  on  band  epe. 
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Introspection 

B,  P.  From  the  n-drone  the  passage  contains  he  gets  the  idea  of  a  forest 
and  ocean  scene,  rather  peaceful,  languid  and  quiet ;  it  may  be  that  some  one  is 
philosophizing  or  lecturing  on  contentment;  quite  a  lot  of  sibilants  in  the 
passage  and  frequently  "v"  and  "f,"  also  the  liquids, 

F.  P.  Had  quite  a  good  deal  of  difficulty  in  saying  it;  and  doesn't  feel 
that  the  ending  is  satisfactory  at  all ;  but  the  passage  is  strong  and  vigorous, 
with  a  sort  of  latent  strength  and  it  gives  him  the  idea  of  something  semi- 
heroic.    The  staccato  effect  of  "k"  is  noticed  frequently. 

K.  P.  Gets  a  vivid  image  of  the  sea-shore  on  a  cool  day ;  melancholy  enters 
into  the  whole  concept,  which  is  not  gotten  by  any  association,  but  by  a 
direct  evocation  from  the  sounds ;  thinks  the  passage  is  homogenous  in  sound 
effects,  and  ability  to  call  up  these  images  and  notions. 

L.  U.  (Subject  slightly  weary.)  Nearly  every  line  contains  some  objec- 
tionable sound;  "epe"  in  the  last  line  does  not  end  the  passage  properly 
(this  passage  was  presented  again  later  to  the  same  subject,  he  remembered 
not  having  liked  it  and  the  experiment  was  not  a  success.) 

M.  P.  Imagery  of  a  meadow  enveloped  by  a  mid-summer  mist;  slightly 
chilly  feeling  accompanied  the  imagery;  the  saying  of  the  lines  was  rather 
difficult,  and  this  took  all  the  attention. 

Gray,  Experiment  XV 

Transmogrification  of  the  first  fifty  accented  and  unaccented 
syllables  of  the  "Elegy." 

Thu  nart  ing  kel  6v  per  thu  doll  sle 

Thu  lerd  an  a  fing  plo  thu  ta  mand  plor 

Hiz  6m  ri  we  zined  olz  eu  modz  thu  we 

Too  low  nes  wark  too  erld  thu  land  erd  devez 

Thu  himmer  gllte  wing  ladez  and  hil  zow  fon 

Pa  stol  men  dolez  thu  sail  nes  and  thu  sare 

Hiz  bav  ing  sontle  whe  thu  ti  ware  dreelz 

Thu  siddant  drow  lisk  tul  tingz  flave  at  klin 

Whan  yoldz  from  hontled  mour  vi  mowling  tane 

Thu  po  kom  dife  thu  san  tu  muz  der  ploon. 

Introspection 

B.  P.  Describes  something  that  happened  long  ago  and  gives  a  feeling  of 
content,  rest  and  solace ;  imagery  of  romantic  country  scenery,  and  now  and 
then  sees  an  old  man  moving,  but  not  vigorously;  very  rich  imagery  and  he 
becomes  totally  empathic  to  the  scene.  The  sounds  seemed  at  -first  rough, 
but  afterwards  smoothed  down  very  much. 

F.  P.    Arouses  a  sober  mood,  in  spite  of  the  fact  that  the  sounds  now  and 
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then  are  dreadfully  turgid;  gets  visual  imagery  of  the  outdoors,  but  it  is  not 
very  clear. 

K.  P.  Seems  hard  to  say;  a  very  definite  mood  seems  to  be  latent  in  it; 
thinks  of  the  fall  of  the  year  and  the  woods,  and  now  and  then  a  trace  of 
melancholy  enters  into  it ;  now  and  then  he  thought  of  summer  instead  of  the 
fall,  but  it  changed  again  and  ended  in  the  latter  season. 

L.  U.  Certainly  it  is  not  dramatic;  it  sounds  rather  sleepy  and  ineffective 
(subject  does  not  greatly  care  for  lElegy)  ;  got  no  imagery  and  did  not 
find  it  easy  to  say;  calls  it  ^'inconsequential.'' 

M.  U.  It  "looks"  bad,  and  is  hard  to  say;  too  many  "z"  sounds  in  it,  but 
cannot  tell  why;  gets  ideas  of  lazy  people  and  stupid  foreigners, — people 
that  are  not  up  and  doing  (this  kind  of  human  beings  are  "persona  non 
grata"  to  subject  M). 

Browning,  Experiment  XV 
Transmogrification  of  of  "Rabbi  Ben  Ezra,"  lines  i  to  I3}4. 

Thu  jold  a  mest  iz  bong  wuz  et  wo  be 

Too  lerst  6v  whade  thu  fe  grith  ife  thu  chim 

For  hin  iz  tast  i  leth  ar  plimz  a  ge 

H6o  f  role  ust  whade  our  shand  doth  saf  e  boze 

Ya  nail  tring  flod  that  has  but  mand  ich  reev 

Re  nowrz  ha  boze  ich  mot  is  ken  mand  thil 

Nor  est  whake  sail  traz  lide  6m  jot  sing  mowrz 

It  larz  whem  hov  that  mernd  ooth  stire  which  flendz 

Be  ma  theurd  sig  yan  blarz  nor  fendz  ad  nail 

Nor  hi  chand  nopes  us  tof  6v  nul  fan  zeer. 

Introspection 

B.  P.  Seems  fairly  rhythmic  and  easy;  kinaesthesis  is  everywhere  in  the 
mouth;  evokes  a  mood  of  matter  of  fact  pessimism;  thinks  of  some  middle- 
aged  person,  some  pseudo-philosopher  advising  a  younger  person ;  is  sophisti- 
cated, disillusioned  and  resigned. 

F.  P.  Sort  of  humorously  eloquent;  almost  physically  ticklish;  now  and 
then  a  slightly  tragical  feeling,  but  laughed  at  it;  the  sounds  are  very 
Swedish,  it  seems,  and  the  whole  thing  attempts  pathos,  but  ends  up  with 
)athos. 

K.  U.  Blundered  through  the  whole  thing,  and  calls  it  a  tonal  and  poetical 
^Mmder;  rather  rhetorical  in  spots,  but  again  positively  full  of  humor;  aome- 
•img  '^citified''  about  it,  too  conscious,  too  sophistical;  it  is  "speedufjdng" 
iiore  than  anything  else ;  takes  a  lot  of  energy  and  is  full  of  irnegularitiea. 

'^  P.  Rather  dramatic,  but  has  no  meaning;  sounds  like  Gaelic  or  Welsh; 
.loy  ^-^  recounting  some  tale. 

-»      \r\T¥  of  X  ink**'  '"♦•eres^'ng  ar'^  vt'    igb*^:  not  ^^r'    '"'*  •'^^'d;  it  t 
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not  important,  but  it  goes  well;  full  of  spirit,  and  sounds  a  little  condescending 
and  amiably  superior  at  times,  but  she  could  not  take  it  seriously  at  all; 
(laughed  much). 

Tennyson,  Experiment  XV 

Transmogrification  of  "Crossing  the  Bar,"  with  the  most 
used  sounds  in  the  poem  repeated  to  fill  out  the  last  few  iambics. 

Thu  won  ing  teev  en  boun  az  pla  nad  kemz 
Too  rawl  net  heme  es  nove  and  barling  meez 
For  nus  when  stam  which  krame  thu  bide  us  f  6 
And  tow  but  flon  ing  twi  nes  mob  ro  sleme 
When  fur  ma  le  put  chad  ing  rabe  thu  nark 
For  soo  nay  drel  ter  gam  thu  ho  nad  wi 
Thar  bees  a  tow  from  e  land  tepe  a  dov 
Kla  das  me  thi  for  dav  6  lound  thu  te 
When  taf  ite  bem  t56  sud  thar  tow  f  ren  soo 
For  meth  6m  tise  and  p6  nad  uv  re  tha. 

Introspection 

B.  P.  Easy  to  say  and  produces  a  feeling  of  apprehension;  never  got 
exactly  into  it,  and  the  imagery  and  emotions  were  indefinite;  (subject 
pondered  the  passage  quite  a  while  after  the  experiment,  but  no  further 
introspection  was  obtained) ;  kinaesthesis  is  felt  on  the  lips  mostly. 

F.  N.  Rather  easy  to  say,  and  there  is  a  good  deal  of  openness  about  the 
sounds,  but  no  imagery  came;  feels  often  that  the  unaccented  vowels  ought 
not  to  be  long. 

K.  P.  It  is  very  temperamental,  and  at  times  slightly  melancholy;  thinks 
of  ploughed  ground  and  gets  ever  olfactory  imagery;  but  there  is  also  a 
slight  monotony  (sameness)  about  it,  and  at  the  end  there  came  a  feeling  of 
something  like  listlessness. 

L.  P.  It's  very  nice,  but  does  not  provoke  a  big  reaction;  seems  to  be 
describing  a  sad  and  tragic  event;  probably  the  death  of  a  certain  person; 
thinks  of  many  perils,  enemies,  trepidation  and  the  like.     The  sounds  are 

wonderfully  good. 

M.  P.  Rather  easy  to  say,  and  line  7  is  charming ;  doesn't  seem  very  serious 
and  makes  one  think  of  the  sounds  of  nature;  gets  imagery  of  the  woods, 
fields  and  the  like ;  but  the  whole  effect  is  quite  steady  and  self-contained. 

Arnold,  Experiment  XV 

Transmogrification  of  "Dover  Beach,"  employing  the  first 
eleven  lines  and  a   part  of  the  twelfth. 
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Thu  nam  iz  dile  and  stra  land  son  ter  ve 
Ro  nare  thu  ton  quil  bine  thu  seng  6v  mem 
Whar  kind  ing  spreem  thu  stal  chen  tife  iz  ko 
Thu  gon  f  rin  lis  6v  stam  blez  nare  thu  chee 
Tu  flis  thu  whee  nad  zil  thu  hur  dum  then 
Thu  se  dran  wape  eu  towm  at  stin  6v  noom 
Thu  ti  f rol  wete  thu  baf e  up  tole  thu  gris 
Chi  pang  thu  stabe  Ing  krand  hi  thai  thu  gind 
Tu  stoon  thu  traf  iz  glake  li  kos  be  sweemz 
Blan  or  hiz  roon  daw  nole  thu  gli  men  zave. 

Introspection 

B.  U.  Traces  of  pleasantness  in  the  first  part,  but  at  the  end  it  was 
rather  sarcastic,  i.e,  full  of  a  sort  of  "Schadenfreude."  Too  many  "s**  and  "z" 
sounds  in  it,  and  too  many  unusual  sound  combinations;  the  first  six  lines 
are  better  poetical  constructions  than  the  last  four;  tried  to  like  it,  btit 
the  kinaesthetic  factor  dominated. 

F.  U.  The  first  line  is  not  so  bad,  but  the  rest  are  horrible,  and  he  does 
not  think  there  can  be  any  such  sounds  in  poetry;  a  lot  of  the  words  give 
him  pains  in  the  face,  such  as  "glake,"  "gind,"  "gris,"  etc. 

K.  P.  Got  a  very  distinct  feeling  of  standing  up  and  "giving  it  to 
some  one"  in  a  rhetorical  manner;  there  is  a  great  deal  of  rjeserve  strength 
in  it,  and  the  pronunciation  is  very  prominent;  not  moody,  like  some  of  the 
others,  but  rather  stern  and  a  trifle  polemical. 

L.  P.  It's  tragic ;  thinks  of  a  combat ;  there  seems  to  be  something  dramatic, 
moving  and  forceful  about  it;  visualizes  a  storm  at  sea,  through  which  the 
vessel  finally  rode  to  safety.  This  was  due  to  the  assodational  element  in 
the  sound  themselves. 

M.  P.  At  first  it  was  very  heavy  and  labored,  and  did  not  delight  her  soul ; 
then  it  became  better,  and  visual  imagery  of  the  sea  with  people  talking  in  a 
dignified  and  probably  hushed  manner  about  it. 

Shekespeare,  Experiment  XV 
Transmogrification  of  the  LXIVth  sonnet,  lines  i  to  lo. 

Thu  rene  hov  kl  when  fost  hav  bimz  el  taje 
De  rand  orn  te  prid  laste  an  ser  boud  mowrz 
Whi  tazed  it  ras  woun  slaje  al  chis  and  vore 
Ne  bri  too  sof  dal  nios  thu  tow  gri  hav 
Fen  ger  tav  so  mi  heen  ad  shan  ij  ta 
Ti  kos  un  woil  thu  tos  6m  ding  thu  wand 
Hov  stind  ing  kov  erm  ane  thu  Ion  ter  krees 
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Whin  or  thu  stun  ith  cheem  and  nis  fon  or 
De  fanj  when  too  with  sta  kav  i  wit  stoun 
With  ta  chus  or  shed  melf  or  16s  ter  na. 

Introspection 

B.  P.  Has  much  emotional  value,  and  there  seems  to  be  a  sexual  element 
running  through  it;  but  very  rich  and  refined,  even  if  voluptuous,  and  it  might 
be  taken  from  a  poem  which  contains  a  sex-philosophy  of  life;  the  lip 
sounds  and  the  "j"  and  "ch"  isounds  are  particularly  predominant 

F.  P.  Means  nothing  to  him  and  the  pleasure  is  in  the  rhythm  only,  "j/ 
"ch,"  and  "sh'  sounds  quite  prominent 

K.  P.  Seems  to  be  of  low  pitch  and  is  slightly  provocative  of  melancholy; 
visualizes  a  market-place  full  of  people;  the  mood  is  not  depressing,  but  the 
kind  of  a  melancholy  that  one  takes  delight  in.  "De  rand  om*  is  very 
fine  tonally. 

L.  P.  Very  nice  and  smooth;  narrative  and  not  dramatic;  is  like  Shakes- 
peare in  Othello  where  the  story  of  the  ships  being  lost  is  narrated  (  ?  query. 
Merchant  of  Venice).    Got  no  imagery,  but  tried  to. 

M.  U.  Very  doleful  and  depressing;  recalls  the  "Flying  Dutchman,"  and 
all  the  attendant  weirdness  of  it ;  it  is  minor  music  all  through ;  at  the  second 
reading,  it  got  insistently  pathetic  as  in  describing  a  great  loss  that  was 
irreparable. 

Wordsworth,  Experiment  XV 

Transmogrification  of  the  opening  lines  of  the  "Ode  on  the 
Intimations  of  Immortality."  Employing  the  first  fifty  accented 
and  unaccented  sounds. 

Thu  stree  bel  grame  it  v6  nes  mer  nad  le 
When  gli  nad  vare  chul  par  mon  thel  ri  dem 
Too  min  did  nore  pas  tingz  ern  dree  wo  nese 
I  tro  verz  kom  thu  shemz  6  wen  duth  ra 
De  nowd  6v  kom  i  tese  thu  ma  li  zore 
Whi  na  chand  thi  luz  f  rem  her  tow  kri  sare 
Ath  yome  thu  ris  hav  zee  naz  dow  thu  tine 
Or  whinz  u  tabe  so  beth  6t  hi  nad  wit 
Kee  var  noot  whi  thu  zen  ad  sil  bo  nith 
De  goze  ar  vul  han  dize  thu  noom  a  nar. 

Introspection 

B.  N.    Seems  rather  matter  of  fact;  not  what  he  calls  poetry,  because  it  is 
rather  narrative  and  epical,  not  lyric  and  free;  seemed  easy  enough  to  learn 
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to  say  it,  and  the  kinaesthesis  is  forward ;  the  "z,"  "s,"  "d,"  "th,"  and  "t"  sound 
prominent 

F.  P.  Rather  hard  to  say;  calls  it  "Kammersprache,"  rather  than  poetry; 
the  sensations  aroused  are  akin  to  those  experienced  while  walking  over  a 
muddy,  frozen  ground.    No  imagery. 

K.  P.  (Arouses  melancholy  at  once ;  visualizes  an  English  moor,  over  which 
he  seems  to  be  walking;  obscure  feeling  all  the  way  through,  as  if  hesi- 
tating to  say  or  do  something;  the  prominent  sound  is  the  "wh." 

L.  P.  Only  a  very  slight  organic  quiver  aroused  by  the  poem;  it  is  barbaric, 
but  enjoyable;  thought  of  Norsemen  by  association,  and  also  of  the  Goths. 
The  feelings  are  rather  lukewarm. 

M.  P.  Images  a  cliff  overlooking  the  sea  and  of  someone  on  die  cliff  telUng 
tales  of  the  sea;  it  is  very  appealing  and  peculiar;  thought  there  were  many 
full  cadences  in  the  poem.   At  times  it  became  very  confidential. 

Shelley,  Experiment  XV 

Transmogrification  of  the  first  fifty  accented  and  unaccented 
syllables  of  the  "Stanzas  written  in  dejection,  near  Naples.' 
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Thu  mam  is  wering  klave  un  wile  ed  zare 
With  sant  enz  brem  thu  tound  it  par  thu  sko 
A  win  iz  noom  eld  voin  i  sul  its  bree 
Thu  nelf  iz  per  shun  zit  ent  rast  thu  vound. 
Tri  15  brand  shon  I  pand  thu  gre  lov  serth 
De  moidz  it  nus  thu  swen  lex  merdz  up  tise 
And  stee  kar  soth  i  bindz  li  tois  thu  doft 
Zan  eeps  iz  pern  ik  fees  up  stron  thu  trove 
Ze  pam  thu  floodz  wi  bors  pul  ti  wud  lis 
Thu  wuz  6v  tos  i  zud  lu  flaves  ed  wi. 

Introspection 

B.  P.  Gets  imagery  of  the  sea  and  the  splash  of  the  surf  at  once; 
very  onomatopoetic ;  and  in  spite  of  the  fact  that  there  is  much  "s"  and  "»" 
in  it,  it  is  pleasant,  but  by  virtue  of  the  imagery  only;  gives  a  vague  feeling 
of  uneasiness  and  there  are  many  bodily  tensions. 

F.  P.    Rather  moody  and  sombre  feeling  aroused  by  it ;  there  is  much  montfa 

movement  and  one  has  to  slide  to  some  of  the  words  and  stop  hesitatingly 

Lcfore  others  of  them ;  feels  tense,  not  on  account  of  the  pronunciation  whol^^ 

but  on  account  of  the  mood. 

K.  P.    Feels  as  if  he  is  reading  a  somewhat  morbid  fairy  story,  and  the 

■notion  is  one  of  mystery  and  helplessness;  this  comes  direct,  and  is  not 

ssociational  at  all;  at  first  there  was  a  feeling  of  withdrawing  from  die 

*iood,  but  this  soon  ceased ;  it  seems  to  be  bound  up  in  the  sounds  tJtemsetves 
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and  in  nothing  else ;  the  frequency  of  the  long  vowels  being  unaccented  seems 
to  heighten  the  power  of  the  poem  to  sustain  its  mood. 

L.  N.  The  sounds  are  good,  but  he  cannot  feel  the  connection  between 
them;  now  and  then  it  seemed  as  if  the  whole  thing  would  get  unified, 
but  it  never  did. 

M.  U.  Very  depressing  and  disappointing;  arouses  a  mood  in  which  one 
feels  helpless;  so  many  interesting  sounds  in  it,  like  "gree  lov  serth,"  etc 
The  first  five  lines  are  cheerful  enough,  but  the  last  five  are  doleful. 

CowpER,  Experiment  XV 

Transmogrification  of  the  well  known  lines:  "Knowledge 
and  wisdom,  far  from  being  one,"  etc.  (This  was  selected,  not 
as  poetry,  especially,  but  as  a  test  of  whether  the  transmogp^ifi- 
cation  of  a  didactic,  homiletic  poem  would  be  successful.) 

Hav  nol  ing  bar  dom  fon  ij  ween  6m  elz 
And  61  fr6n  wek  ith  n6ft  er  niz  re  dwen 
Kin  plo  dij  mawts  6v  theet  wun  huth  imz  or 
Sh6m  wen  tin  miz  that  rone  tiv  zede  ma  tinds 
Thu  pras  Tj  m6f  ich  t5o  nad  zome  its  bood 
A  were  alz  tase  il  smared  un  tiz  it  plere 
And  with  6m  dooth  whar  zild  en  f61  ble  chim 
Diz  boo  that  rowd  no  prit  us  kemd  6m  sque 
So  lut  haz  wheemz  it  chumber  nat  iz  hdom 
He  sumble  niz  ded  wuth  en  hum  diz  n61. 

Introspection 

B.  P.  The  prominent  sound  elements  are  the  "n-drone,"  the  dentals  and  the 
labials;  got  no  imagery  and  no  meaning;  commonplace. 

F.  P.  Very  queer  thing;  full  of  pauses,  and  the  rhythm  feels  like  the 
different  steps  in  a  fancy  dance;  besides  the  rhythm,  there  is  not  much  to  it; 
as  far  as  meaning  is  concerned,  it  sounds  like  optimistic  speech-making. 

K.  U.  Seems  cool,  emotionally;  rather  rhetorical  and  arouses  no  imagery; 
in  spite  of  its  poverty  of  emotion,  and  its  unpleasantness,  it  is  interesting. 

L.  N.    It  is  not  dramatical,  deep,  or  poetical;  it's  like  Pope. 

M.  p.  Amusing;  like  some  moral  story  to  be  told  to  youngsters;  line  i 
starts  out  grand  and  almost  epical,  and  then  the  whole  thing  tumbles  and 
never  regains  itself  till  the  end. 

Dryden,  Experiment  XV 

Transmogrification  of  lines  94  to  103  inclusive,  of  "Absalom 
and  Achitophel." 
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and  breathing  is  frequent ;  it  is  both  difficult  and  amusing,  and  he  cannot  get 
any  meaning  out  of  it. 

F.  P.  Thinks  of  trotting  horses  and  movement  in  the  open  air;  but  this 
he  holds  to  be  due  to  a  direct  association  from  the  wordsv  "soof**  (=  hoof?) 
and  "ritand"  (=  reiten  [Ger.]  which  he  pronounced  with  a  long  "!")• 
Goes  easily  and  quickly. 

K.  P.  Very  smooth  and  interesting;  gets  a  cobwebby  mood  of  mystery, 
but  doesn't  know  why;  feels  that  many  of  the  expressions  in  such  a  passage 
will  turn  into  words,  if  one  looks  for  words. 

L.  N.  Gets  no  reaction  whatever.  (N.B. — Between  this  and  th€  previous 
passage  experimented  upon.  Subject  L.  relieved  his  mind  of  certain  matters 
which  were  annoying  him,  but  not  even  then  did  any  reaction  to  the  above 
poem  take  place.) 

M.  U.  Dislikes  the  looks  of  it;  it  sounds  blatant  and  impudent  and  is  full 
of  the  most  difficult  combinations  possible. 

Spenser,  Experiment  XV 

Transmogrification  of  Stanza  34,  Canto  I,  "The  Faery 
Queene,"  with  the  most  used  sounds  repeated  to  complete  the  last 
line. 

In  laz  It  wertle  h5  mi  lit  a  taje 
Li  fide  a  sown  as  dard  6v  or  est  ede 
Re  hale  id  zar  dom  torple  tath  al  fas 
El  pav  a  til  bi  frdtle  woo  thel  dite 
Thu  trotle  fide  ar  win  li  haz  i  cher 
Too  mingz  it  hade  li  sont  ar  tew  f  ren  de 
And  bide  li  pom  hiz  kra  cha  wis  tal  paj 
That  weem  id  h5  den  lit  a  fom  ed  pli 
Chi  thor  li  f  rent  wha  tha  kVe  toun  li  wase 
Wha  15  mi  per  nad  fev  ed  strel  In  taje. 

Introspection 
B.  P.  The  vowels  seems  very  predominant;  the  dental  consonants  rather 
numerous  also;  very  poetical  substance  in  it,  but  cannot  get  at  it;  upon  a 
second  reading  notices  the  liquids  more  than  the  dentals,  and  the  sounds 
seem  very  open,  but  this  does  not  make  it  at  all  oratorical,— rather  quiet  and 
restful,   instead. 

F.  P.  The  lines  containing  the  words  that  end  with  "tie"  remind  him  of 
Maeterlinck's  "Blue  Bird";  direct  association;  some  of  it  very  easy  to  say 
and  some  of  it  very  hard;  wonders  what  the  frequent  repetition  of  the 
word  "taje"  means. 

K.  P.  Easy  to  say;  not  exactly  melancholy,  but  something  very  akin  to  it; 
no  content  suggested,  just  this  strange  feeling  of  artistic  melancholy. 

L.   P.     Excellent  Jabberwocky;   got   a   rippling   feeling   down   the  back; 
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doesn't  seem  to  be  anything  very  tragic  and  vital;  just  like  some  nice  little 
quiet  talk. 

M.  P.  The  words  ending  in  "tie"  are  at  first  very  quieting;  then  the 
"look"  of  the  letter  "j"  annoys  and  seems  to  cok)r  the  whole  thing;  would 
become  unpleasant  upon  very  slight  provocation. 

Shakespeare,  Experiment  XIII 

Shall  I  believe 
That  unsubstantial  death  is  amorous, 
And  that  the  lean  abhorred  monster  keeps 
Thee  here  in  dark  to  be  his  paramour  ? 
For  fear  of  that,  I  still  will  stay  with  thee: 
And  never  from  this  palace  of  dim  night 
Depart  again:   here,  here,  will  I   remain 
With  worms  that  are  thy  chambermaids ;  O  here 
Will  I  set  up  my  everlasting  rest. 
And  shake  the  yoke  of  inauspicious  stars 
From  this  world-wearied  flesh. 

Shakespeare,  Experiment  XIV 

Thu  Ian  sal  de  sher  nan  at  rus  ab  sten 
Iz  kin  ul  meeps  and  han  be  mor  sub  lith 
In  theer  sha  dal  hiz  par  thed  both  il  stoor 
And  eep  thov  hane  too  stal  f  er  tov  ith  reesp 
Sti  fev  or  nom  is  gee  ful  wen  de  thite 
Wer  pem  das  hane  a  chi  we  la  wil  freer 
Bo  ma  ther  zud  im  spar  that  hi  with  pame 
Re  sher  ing  tev  et  rast  thu  ka  weer  flun 
Mi  les  and  weer  6v  ko  ther  yast  id  reesh 
Hi  zar  mold  sith  aw  rik  wer  zim  us  reet. 

Shakespeare,  Experiment  XIV.    Transmogrification  of  XIII 

Introspection 

B.  P.    The  sibilants  do  not  disturb,  although  they  are  very  numerous;  gets 

visual  imagery  of  the  woods  and  the  sea;  the  general  aspect  is  quiet  and 

solemn ;  seems  restrained  and  hushed ;  no  activity  in  the  notion  aroused,- 

lardly  tell  what  it  is. 

^.  P.     Seems  delicate  and  soft,  with  only  a  few  interruptions  such 

-csp";  rhythm  is  both  quickened  and  slowed  in  places,  and  he  rather  likes 

.lie  necessity  to  stop  and  begin  again  at  a  different  tempo;   feels  like  the 

resolution   of   dissonances,   every  time  it  occurs,   which  is   usually  after  m 

Hfficult  word,  or  one  that  causes  r'^^d^Mstment  of  the  vocal  organs  afterwards. 
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K.  P.  Smooth  and  easy  to  say;  doesn't  get  any  definite  imagery,  but 
the  general  effect  produced  is  rather  subdued;  thinks  of  either  a  calm  on 
the  sea,  or  a  suspense  of  activity;  the  thing  has  a  lot  of  meaning,  but  it  is 
very  subtle,  and  for  him,  latent. 

L.  P.  Not  epic,  but  lyric;  seems  pastoral,  rather  than  anything  else; 
the  opening  lines  reminded  him  of  the  tonal  effect  of  Gray's  Elegy. 

M.  P.  Would  not  have  been  surprised  to  have  heard  an  organ  keep  up  the 
tonal  effect  after  the  end  of  the  passage  came;  there  is  a  rumble  of  heavy, 
grand  tones  underneath,  as  it  were,  the  sounds  as  spoken;  it  is  not  the 
rhythm  that  is  the  prominent  feature,  but  the  sound-mass,  which  is  surpris- 
ingly new  and  agreeable. 

We  have  omitted  from  this  list  a  small  number  of  experiments 
made  after  the  same  pattern :  Coleridge's  "Christabel"  was  tried, 
but  proved  introspectively  unsuccessful ;  likewise  three  songs  from 
Shakespeare  made  over  into  five-line  passages, — "Hark,  hark, 
the  lark,"  Ariel's  Song,  and  the  Boy's  Song  from  "Measure  for 
Measure.''  Likewise  two  passages  from  Swinburne's  "Laus 
Veneris,"  two  from  Rossetti's  "Blessed  Damosel,"  and  one  of 
Sydney's  Sonnets.  Jonson's  "Drink  to  me  only  with  thine  eyes" 
as  well  as  a  passage  from  Pope's  "Essay  on  Man"  fell  flat. 

The  writer  usually  found  it  more  difficult  to  transmogrify 
the  shorter  verse  forms  into  decasyllabic  lines  than  the  others. 
Tonal  replicas  were  less  easily  elicited  from  such  passages,  which 
having  been  cast  into  a  form  tonally  demanding  other  than  the 
decasyllabic  pattern,  remained  recalcitrant  to  the  pulverizing 
and  agglutinizing  process  of  this  experimental  method.  Soft  as 
the  tonal  data  of  poetry  may  be,  yet  it  would  appear  that  the 
various  form-orders  of  verse  lie  not  in  intersecting  series. 
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B    > 
>  ^  >  ^    >< 

^'S    S^   E»h*S   v'oS   g««^ 

B d  c   c   a   d   a   e   c   c   d   c   c   c 

F ««b  aabacdbdaabb 

K e  d   e   c   b   d   a   d   e   c   d   e   e 

L a  b   b   e   c   b   c   a   b   b   c   a   a 

M c  e   d   d   e   e   b   e   a   e   b   d   d 

The  rank  lists  for  these  experiments  show  much  steadiness, 
but  inasmuch  as  there  were  but  five  subjects,  the  possible  devia- 
tion from  position  is  very  slight.  Correlation  between  the  feeling 
tone  and  the  motor  discharge  remains  the  same  as  it  was  in  the 
second  year's  work ;  to  the  very  end,  the  mean  variation  and  the 
range  do  not  seem  to  have  anything  to  do  with  the  matter,  or  at 
least,  very  little  in  comparison  with  the  mean  of  the  tappings. 

Let  us  turn  to  the  graphs  for  these  26  experiments.  In  nearly 
every  case  the  "short"  vowels,  whether  accented  or  unaccented, 
and  the  explosive  consonants  produce  a  greater  motor  discharge 
than  the  softer,  "slower"  and  more  mellifluous  sounds  of  the 
language.    We  give  the  figures  for  verification. 

Accented       Unaccented 
Accented         Unaccented       explosive         explosive 
Experiment  short  vowels    short  vowels    consonants       consonants 

Keats  XV 25  39  43  15 

Byron    X\' 24  33  15  24 

Arnold  XV 19  39  27  18 

Tennyson  XV 12  35  36  24 

Shakespeare  XVI 10  16  15  11 

Shakespeare  XVII 8  18  17  5 

Shakespeare  XVI II...       10  19  18  8 

Cowper  XV 27  40  33  23 

Shelley  XV 18  42  34  18 

Wordsworth   XV^ 18  30  18  20 

Gray  XV M  39  32  20 

Sydney  XV 14  28  38  21 

Jonson  XV 21  31  28  28 

Pope  XV 23  40  29  18 
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Accented       Unaccented 
Accented        Unaccented      explosive         explosive 
Experiment  short  vowels    short  vowels    consonants      consonants 

Spenser  XV i8  41  43  I9 

Browning  XV 24  32  31  ao 

Dryden  XV 25  33  AP  I9 

Swinburne  XV 19  3i  3i  IS 

Dryden  XVI 10  38  38  I7 

Swinburne  XVI 15  27  24  18 

Rossetti  XVI 26  27  37  13 

Shakespeare  XV 19  28  24  21 

Rossetti  XV 19  33  ^7  I7 

By  referring  to  the  graphing  for  the  two  experiments  on 
Shakespeare,  XIII  and  XIV,  it  is  found  again  in  this  case,  as  we 
have  noticed  before,  that  the  transmogrification  of  a  passage  of 
poetry  tends  to  arouse  the  motor  consciousness  more  than  does 
the  original  poem. 

From  the  above  results,  it  seems  clear  that  the  short  vowels 
and  the  explosive  consonants,  r^[ardless  of  accented  or  unac- 
cented position  in  the  poetic  foot  tend  to  produce  the  strong 
motor  arousals ;  but  this  was  not  the  case  with  the  earlier  experi- 
ments in  which  the  single  line  was  repeated  five  times  in  succes- 
sion; nevertheless,  the  summation  of  effects  is  evidently  what 
accounts  for  it,  together  with  other  factors  not  to  be  overlooked. 
The  motor  setting  preparatory  to  tapping  a  long  passage  of  verse 
is  different  from  the  motor  setting  which  merely  repeats  the 
same  line  over  and  over  again ;  and  with  the  appearance  of  new 
combinations  a  stronger  effect  is  produced  by  the  addition  of  like 
elements  than  by  a  great  variety  of  elements  giving  no  effect  of 
homogeneity ;  once  the  feeling  produced  by  the  short  vowels  and 
explosive  consonants  is  aroused,  even  the  lessening  of  their  num- 
ber per  line  in  the  following  lines  might  not  show  as  soon  in  the 
motor  consciousness  as  it  did  in  the  introspective  consciousness; 
instances  of  this  we  have  seen  in  the  previous  pages.  But  it  does 
not  seem  to  work  the  other  way  around, — the  effect  of  exidosive 
sounds  is  immediate  upon  the  motor  consciousness,  and  one  such 
sound  can  mar  the  effect  of  an  otherwise  placid  and  liquid  line, 
^nd  ^his  mav  account  fo    the  apparent  partial  lack  of  definite 
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one  to  one  correspondence  which  we  have  sought  for  in  connec- 
tion with  our  study  of  the  motor  energies  and  the  introspective 
consciousness  both  singly  and  together. 

Allied  to  the  characteristic  form-quality  in  the  graphs  for 
each  individual  poet,  especially  in  the  more  meaningful  lines 
experimented  upon,  is  the  matter  of  the  tapped  strokes  as  they 
appeared  upon  the  smoked  paper  ribbon.  After  they  had  beoxne 
accustomed  to  the  tapping,  every  one  of  the  subjects  tapped  in 
what  could  be  called  a  thoroughly  individuaT  manner.  Some 
of  them  tapped  slowly  and  with  great  deliberation,  thereby  mak- 
ing a  visible  record  of  very  rounded  loops;  others  would  react 
by  a  very  quick  down-stroke,  followed  by  a  slow,  hesitating 
up-stroke,  while  still  others  would  tap  strokes  that  appeared  on 
the  paper  as  very  fine  points,  or  even  in  some  cases  would  move 
the  finger  so  quickly  that  the  pointer  climbed  the  rdler  on 
the  up-stroke  and  returned  with  sudden  relaxation  of  the  rubber 
band  in  such  a  way  as  to  make  a  loop  in  the  smdcy  surface 
of  the  ribbon.  And  here  lies  the  interesting  point:  that  in  the 
variously  individual  records  there  aiq)eared  evidence  of  all  fdt 
and  imfelt  changes  in  the  emotional  character  of  the  experiments 
presented;  tenseness  of  the  vocal  apparatus  as  well  as  the  op- 
posite state  could  be  told  by  the  experimenter  as  well  as  by 
the  subject,  together  with  subliminal  effects  of  one  sort  or 
another  which  the  subject  did  not  'feel  either  in  summation  or 
otherwise.  Illusions,  also,  of  various  character  were  there 
evidenced,  such  as  temporal  and  numerical  ones.  In  general, 
the  qualitative  and  quantitative  aspects  of  the  visible  record 
amply  supplemented  the  introspection  in  every  way. 

We  have  made  no  special  mention  of  the  time  element  in  con- 
nection with  most  of  these  experiments.  This  is  because  the 
graphs  are  so  typical  for  each  and  all  of  the  subjects,  that  indi- 
vidual mention  is  unnecessary;  furthermore,  the  time  element 
does  not  seem  to  play  any  very  important  role.  It  certainly  is  no 
special  correlate  of  any  of  the  affective  elements  in  consciousness ; 
and  it  does  not  seem  to  be  a  manifest  index  either  of  difficulty 
in  the  material  to  be  recited  or  of  the  number  of  sounds  in  the 
decasyllabic  line.    The  subjects  were  all  told  to  take  their  own 


126  ROBERT  CHENAULT  GIVLER 

time  in  the  tapping;  this  was  merely  to  assure  them  that  they 
were  not  to  be  hurried  in  what  they  did.  This,  however,  is  to 
be  noted  as  the  regular  temporal  manifestation  of  all  the  subjects : 
the  repetition  of  the  same  iambic  line  five  times  usually  showed 
on  the  record  as  having  taken  longer  time  with  each  repetition, — 
that  is,  the  oftener  repeated,  the  slower  it  became,  though  none  of 
the  subjects  were  aware  of  it.  This  may  have  been  due  to  a  num- 
of  things :  either  slight  muscular  fatigue,  or  else  to  the  fact  that 
as  the  impression  aroused  the  introspective  and  the  esthetic  con- 
sciousnesses more  and  more,  less  and  less  nervous  energy  was 
sent  per  impulse  per  unit  of  time  into  the  finger.  That  it  was  not 
due  to  imperfections  in  the  machinery  is  clearly  shown  by  the 
fact  that  the  ribbon  was  allowed  to  pass  several  inches  before  the 
pointer  was  dropped  upon  it  and  the  signal  to  b^in  was  given. 

A  very  pertinent  question  to  be  asked  about  all  this  work  is, — 
"What  had  the  subject's  general  condition,  mental  and  otherwise, 
to  do  with  the  results  of  the  experiment?"  A  careful  record  was 
kept  all  during  the  second  and  third  year  as  to  how  the  subject 
felt  at  the  beginning  of  the  experiment  and  the  results  showed 
that  the  main  effects  of  fatigue  and  other  sub-normal  states  were 
of  several  kinds:  i.  A  less  high  degree  of  pleasurability  can  be 
aroused  in  the  state  of  fatigue;  2.  The  mean  variation  of  the 
tappings  on  fatigue  days  is  less  than  on  normal  days,  but  3,  that 
the  subject  did  not  reverse  the  results  of  the  previous  experiments 
at  all,^ — those  who  showed  a  positive  correlation  showed  it  still, 
and  those  who  before  had  showed  either  a  definite  negative  corre- 
lation, or  a  scatter  and  miss  correlation  also  continued  to  do  so ; 
the  more  the  experiment  develops,  the  more  it  seems  that  we 
were  getting  motor  correlations  with  respect  to  the  vocal  appara- 
tus, rather  than  results  which  attached  significance  to  the  total 
psycho-neural  mechanism.  But  to  return  to  the  matter  of  fatigue 
days,  only  one  of  the  subjects,  L.,  tended  ever  to  nullify  his 
previous  results,  but  then  he  also  attempted  to  g^ess  at  his  own 
type  of  correlation,  and  this  guess  may  have  influenced  the  tap- 
pings for  that  day. 

Xot  every  anticipation  or  conjecture  with  which  this  worlc 
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began  has  been  verified  by  the  experiments  so  far  presented.  But 
that  the  first  statement  of  the  thesis  was  not  so  dismally  at  fault 
is  at  once  evidenced  by  the  introspection  on  these  large  transmo- 
grifications of  English  poetry ;  the  tonal  elements  of  the  poetic  line 
do  seem  indeed  to  have  the  power  of  arousing  a  mood  congruous 
to  that  of  the  original  poem,  even  when  torn  from  their  positions 
and  their  rhetorical  anchorage,  and  recast  into  such  form  as  is 
shown  in  the  above  experiments.  The  subjects  did  not  know  at 
the  time  what  poems  were  being  given  them  in  this  potpourric 
manner ;  they  only  knew  it  was  some  poem,  and  that  they  were  to 
introspect  upon  it ;  but  it  was  not  a  guessing  contest  in  any  sense 
of  the  term, — all  intimations  that  it  was  to  be  such  were  stifled 
at  once;  and  to  the  subjects  must  be  given  due  credit  for  their 
admirable  interest  in  the  experiment  from  start  to  finish,  for  in 
such  fragile  matters  as  the  moods  of  the  esthetic  consciousness, 
any  hostility  or  any  lack  of  true  scientific  interest  would  have  been 
fatal  to  the  purpose  in  hand. 

4.    THE  PSYCHO-PHYSIOLOGICAL  VALUE  OF  THE 

POETIC  SUM 

The  question  of  a  tonal  calculus  seems  to  be  the  logical  devel- 
opment of  the  foregoing  experimentation.  It  has  been  shown 
that  short  vowels  and  explosive  consonants  are  provocative  of 
more  motor  arousal  than  the  long  vowels  and  the  liquids.  Strictly 
speaking,  as  has  been  indicated  before,  the  term  "long  vowel"  is 
equivocal.  Except,  of  course  in  vocal  music,  where  the  long  notes 
rightly  function  their  enunciation.  But  if  the  question  be  asked : 
can  we  say  that  this  or  that  number  of  sounds  will  produce  this 
or  that  effect  ?  the  answer  cannot  be  given  in  the  affirmative  with- 
out the  following  reservations :  effects  can  be  calculated,  provided 
the  number  and  arrangement  of  the  sounds  be  taken  into  con- 
sideration. In  the  above  experiments  it  appeared  that  if  a 
number  of  explosive  sounds  began  the  line  or  the  passage,  then 
the  motor  manifestations  were  intense,  and  also  that  such  mani- 
festations did  not  wear  away  as  soon  as  the  type  of  sound  had 
changed  to  some  less  intense  one.     Changes  in  the  apperceptive 
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consciousness  did  not  either  run  parallel  with  the  motor  pattern 
nor  did  they  very  often  seem  to  be  influenced  by  the  finger  as 
much  as  by  the  page  of  print.  Yet  the  introspective  and  motor 
results  were  parallel  in  other  ways,  as  has  been  mentioned  so 
frequently  before. 

Only  so  far  as  we  had  data  from  simple  vowel  and  consonant 
experiments,  could  a  tonal  calculus  be  made.  And  so,  when 
even  in  the  simplest  of  the  I-XII  experiments,  there  were  found 
sounds  upon  which  no  previous  experimentation  had  been  done, 
their  values  were  not  known  in  the  same  way  as  the  values  of 
the  simple  sounds  previously  used,  and  no  two  lines  of  the  I-XII 
experiments  could  be  found  which  had  the  same  common  parts 
known  and  unknown,  in  respect  to  psychomotor  value. 

Much  thought  and  time  was  given  to  this  matter,  and  *for  a 
while  it  looked  as  if  we  had  arrived  at  a  solution  of  the  problem 
involved.  But  it  had  to  be  given  up,  and  for  this  reason :  that 
while  in  nearly  all  the  cases  tried,  the  psychomotor  values  of  the 
separate  letter  sounds  as  found  in  the  ninety-six  preliminary 
experiments  upon  the  single  vowels  and  consonants  showed  in 
summation  to  be  equivalent  to  the  psychomotor  values  of  the  first 
three  experiments  performed  upon  each  of  the  poets,  and  that  as 
more  and  more  meaning  came  into  the  experiments  the  sum  was 
affected  by  some  other  element. — ^yet  inasmuch  as  we  did  not  have 
enough  tonal  elements  to  make  a  full  correlation,  and  inasmuch 
also  as  the  later  poets  experimented  upon  did  not  give  favorable 
results,  presentation  of  data  and  pressing  of  proof  is  withheld 
at  this  time.  We  had  but  four  long  vowels  and  no  short  ones, 
and  it  is  likely  also  that  the  average  motor  effect  of  the  conso- 
nants we  obtained  would  have  been  greatly  modified  by  further 
experimentation  with  other  vowels,  both  long  and  short.  Hence 
this  problem  of  poetic  sums  remains  for  the  time  being  unsolved; 
were  this  exi>erimentation  to  be  repeated,  that  problem  would 
stand  uppermost  in  the  attempts  at  correlation. 

Only  in  the  longer  passages  does  there  seem  to  be  a  trend 
toward  a  tonal  calculus.  And  here,  the  surprising  thing  is  that 
:i  very  ^^mall  number  of  explo^ivp  sounds  in  one  passage  over 
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those  in  another  produced  a  motor  difference  greater  than  that 
deducible  from  the  single  effects  of  the  elements  involved.  A 
very  rich  experimental  field  lies  right  here,  and,  with  the  method 
and  results  of  this  experiment  herewith  presented,  ripe  and  free 
for  exploitation. 

Futhermore,  with  the  tabulations  of  sound  frequency  before 
him,  one  could  build  up  by  the  method  of  experiments  I-III  such 
experiments  which  would  signify  and  also  contain  the  tonal  body 
of  any  of  the  poets  contained  in  it,  and  then,  by  comparing  the 
results  thus  obtained  with  those  from  large  "ex  poematis"  pas- 
sages see  whether  parallel  effects  were  thus  obtained.  The  tonal 
pattern  of  poetry  is  quite  more  definite  than  hitherto  suspected, 
and  a  poet  may  be  known  by  his  overtones  as  well  as  by  his  sub- 
ject-matter and  stanza  form. 

Little  need  be  said  in  conclusion  other  than  what  we  have 
given  as  results  in  preceding  pages.  Upholders  of  the  tonal 
theory  of  poetry  may  take  a  fastidious  pride  in  some  of  the  find- 
ings of  this  experimentation,  and  recollect  that  Edmund  Burke's 
theory  of  poetry  may  again  be  referred  to  without  apology. 
Certainly  it  is  not  the  intention  of  this  paper  to  n^lect  the  formal 
element  of  the  matter,  even  if  the  constancy  of  a  rhythm  form 
was  used  for  the  purpose  of  neglecting  the  form  in  the  final 
account.  It  is  not  an  impossible  assumption  that  poetry  as  well 
as  other  forms  of  art  may  possess  in  each  of  their  leading  fea- 
tures, form  and  content,  a  sufficiency  of  emotional  wealth  to  be 
considered  each  alone  as  able  to  arouse  the  esthetic  consciousness 
to  the  full.  The  union  of  the  two  may  add  nothing  but  unity, — 
and  hence  all  such  experimentation  as  the  above  is  perhaps  more 
of  a  training  in  the  direction  of  attention  than  it  is  a  splitting 
of  the  elements  of  art  asunder.  Nevertheless,  this  must  be  left 
for  the  consideration  of  those  who  are  better  qualified  to  decide 
it  than  the  writer. 

Our  study  is  completed  for  the  present.  So  far  as  we  know, 
no  such  work  has  ever  been  attempted  previously ;  let  us  hope  that 
future  experimentation  along  the  same  line  will  profit  by  our  mis- 
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takes  and  lead  our  results  to  something  finer  and  more  conclusive. 
Eight  years  of  work  culminate  in  the  results  we  have  brought 
forward,  in  which  years  eighteen  thousand  lines  of  poetry  were 
phonetically  measured  and  tabulated,  involving  the  enumeration 
of  nearly  540,000  sounds;  the  measurement  of  the  records  ob- 
tained in  the  laboratory  involved  nearly  300,000  bits  of  data;  the 
computation  of  the  mean,  the  mean  variation  and  the  range  for  all 
the  experiments  and  the  making  of  rank  lists  brings  the  total 
number  of  computations  to  more  than  a  million,  and  with  all  this 
labor,  it  might  seem  to  some  that  far  more  should  have  been 
found  out  concerning  the  psychophysics  of  poetry  than  we  have 
to  offer  in  closing.  But  the  introspective  consciousness  and  the 
motor,  too,  are  not  such  things  as  can  be  coerced  and  cajoled,— 
all  their  laws  are  by  no  means  sun  clear,  and  to  have  found  out 
something  definite  is  better  than  to  have  been  given  only  shadowy 
hints,  promises,  and  false  signs  to  advance. 

There  were  in  all  fifteen  persons  who  took  part  in  this  investi- 
gation. One  of  these  was  an  instructor  in  the  Department  of 
Psychology.  The  rest  were  mostly  graduate  students  in  the  Lab- 
oratory. Five  were  women  from  Radcliffe  Coll^[e.  All  were 
trained  introspectors. 

The  following  scheme  shows  what  subjects  took  part  in  the 
investigation  and  for  how  long  time : 

Yr.      I   ABC  F  L  N  TWZY 

Yr.    II   A    B    C    D    F    K    L    M  P    S 

Yr.  Ill   B  F    K    L    M 

Thus  three  continued  through  the  whole  period,  and  the  some  five 
subjects  assisted  during  the  last  two  years,  in  which  by  far  the 
most  important  work  was  done. 

The  following  account  briefly  indicates  the  chief  characteristics 
of  the  subjects: 

A.  Predominantly  visual;  disliked  the  tragic  and  melancholy; 
closed  his  eyes  whenever  possible;  nodded  head  synchronoady 
with  the  tapping:  often  read  in  a  slightly  mournful  tone;  it  was 
usually  unpleasant  for  his  own  personality  to  be  injected  into 
the  imagery ;  good  sense  of  rhythm ;  very  constant  and  steady. 
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B.  Visual-motor  type;  enjoyed  the  tragic  and  melancholy  as 
much  as  the  light  romantic;  acquainted  with  English  poetry, 
favored  Byron,  Keats  and  Arnold;  he  alone  of  all  the  subjects 
gave  much  introspection  of  the  sensations  of  the  speech  appara- 
tus; gave  much  introspection;  good  sense  of  rhythm;  steady 
and  constant. 

C.  Motor  type ;  rarely  got  satisfying  imagery  of  any  sort ;  had 
great  difficulty  to  count  the  five  iambics  in  the  "la-mo"  type  of 
experiment ;  sense  of  rhythm  varied  much  with  the  type  of  experi- 
ment; introspection  meagre;  steady  and  constant. 

D.  Very  visual,  with  highly  colored  images ;  artistically  gifted 
and  fond  of  poetry;  enjoyed  the  bizarre  as  well  as  the  sombre; 
rather  volatile,  but  rebounded  instantly  from  depressed  states; 
strong  sense  of  rhythm. 

F.  Visual-motor;  fond  of  poetry;  good  declaimer,  and  often 
varied  from  a  steady  recitation  of  the  material  experimented 
upon;  articulation  sensations  often  seemed  to  determine  the 
imagery ;  German :  had  some  slight  difficulty  in  pronouncing  the 
"th"  and  other  sounds;  strong  sense  of  rhythm;  constant. 

K.  Visual-auditory-motor;  musical  performer;  esthetic;  liked 
the  melancholy;  voice  usually  of  medium  pitch  but  very  low 
intensity ;  pitch  constantly  noticed ;  feeling  of  hoarseness  accom- 
panied low  pitches ;  tapped  very  short  strokes,  often  no  more  than 
12  mm.  in  length;  syncoped  the  tappings  very  frequently;  good 
sense  of  rhythm;  constant. 

L.  Visual-motor;  artistic,  and  fond  of  certain  kinds  of  poetry, 
e.g.  the  sound  of  Shelley's  and  the  content  of  Arnold's;  introspec- 
tion varied  miKh,  from  bare  feeling-tone  to  full  auditory-visual- 
motor  content;  very  apt  in  describing  vague  content  by  fitting 
analogy ;  good  sense  of  rhythm ;  steady  and  constant. 

M.  Motor  type ;  practical,  and  impatient  of  most  poetry ;  often 
given  to  intentional  changes  of  extent  of  finger  movement ;  wanted 
objective  finger  control  (the  most  inconsistent  subject  as  far  as 
any  feeling-tone  =motor-discharge  correlation  was  concerned) ; 
said:  "I  have  a  good  sense  of  rhythm,"  which  did  not  always 
appear. 
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N.  Motor-visual ;  philistinian  toward  most  poetry ;  frequently 
interrupted  the  experiment  with  a  Phillipic  on  the  impracticability 
of  art;  good  introspector ;  good  sense  of  rhythm;  fairly  steady 
and  constant. 

P.  Motor  type;  musical;  singer;  enjoyed  the  less  romantic 
forms  of  poetry;  meagre  imagery;  left-handed  (the  apparatus 
was  accommodated  to  him)  ;  tapped  the  longest  strokes  of  any 
one  (140  mm.)  with  the  smallest  M.V. ;  good  sense  of  rhythm; 
steady  and  constant. 

S.  Visual-motor;  enjoyed  poetry  of  all  kinds;  introspection 
often  by  tactual  analogies ;  had  difficulty  with  the  language,  being 
a  native  of  India;  good  sense  of  rhythm;  fairly  steady  and 
constant. 

T.  Predominantly  visual;  fond  of  all  kinds  of  artistic  work; 
introspection  clear,  often  chromatic;  sense  of  rhythm  well 
marked ;  steady  and  constant. 

W.  Visual;  practical  and  little  acquainted  with  or  apprecia- 
tive of  poetry;  counting  the  five  iambics  often  very  difficult;  tap- 
ping never  become  pleasantly  automatic ;  steady  and  constant. 

Z.  Visual-motor;  enjoyed  poetry  and  was  somewhat  gifted  in 
verse-making;  lack  of  imagery  in  the  introspection  often  dis- 
appointing enough  to  change  the  whole  feeling-tone;  steady  and 
constant. 

Y.  Visual;  acquainted  with  English  poetry;  introspection 
rather  meagre ;  strong  likes  and  dislikes ;  good  sense  of  rhythm ; 
steady  and  constant. 

My  thanks  are  due  to  both  Professor  Hugo  Miinstcrberg,  di- 
rector of  the  Harvard  Psychological  Laboratory,  and  to  Dr. 
Herbert  Sydney  Langfeld,  Instructor  in  Psychology,  for  their 
kind  and  continual  interest  in  and  criticism  of  this  work.  And 
to  the  subjects  who  took  part  in  the  investigation  much  praise  is 
»-ightly  bestowed  for  their  perserverance  and  interest. 


THE  HARVARD  LABORATORY  OF  ANIMAL  PSYCHOL. 
OGY  AND  THE  FRANKLIN  FIELD  STATION 

ROBERT  M.  YERKES 
With  two  figures 

It  is  now  fifteen  years  since  the  Director  of  the  Harvard 
Psychological  Laboratory,  Professor  Hugo  Munsterberg,  made 
a  place  for  experimental  work  on  the  psychology  of  infra-human 
organisms  in  his  laboratory.  In  1899,  two  rooms  in  Dane  Hall 
were  assigned  to  students  of  animal  psychology,  and  under  the 
direction  of  the  writer,  three  investigations  were  conducted.  To 
meet  the  needs  of  an  increasing  number  of  workers,  an  additional 
room  was  made  available  in  1902. 

In  December,  1905,  the  laboratory  equipment,  together  with 
all  experimental  work  in  psychology,  was  transferred  to  a  newly 
and  specially  planned  and  constructed  laboratory  in  Emerson 
Hall.  Here,  five  rooms,  in  addition  to  the  Instructor's  office 
and  a  large  amount  of  space  in  an  unfinished  attic,  were  available 
for  work  with  animals.  The  following  account  of  the  facilities 
afforded  for  this  work  is  quoted  from  a  description  of  the  Harvard 
Psychological  Laboratory,  published  in  1906 :« 

**  Several  rooms  are  fitted  up  with  special  reference  to  the 
investigation  of  the  various  forms  of  organic  movement,  animal 
behavior  and  intelligence.  As  one  result  of  several  investigations 
in  animal  psychology  already  pursued  here,  the  laboratory  has  a 
considerable  number  of  devices  for  testing  and  making  statistical 
studies  of  the  senses  and  intelligence,  methods  of  learning  and 
emotional  reactions  of  animals. 

'*  Adequate  provision  is  made  for  the  keeping  of  animals  in  a 
large,  well-lighted,  and  weU-ventilated  comer  room.  Instead  of 
having  aquaria  built  into  the  room,  an  aquaritmi-table  eighteen 
feet  long  has  been  constructed  to  support  movable  aquaria  of 
various  sizes.  Whenever  it  is  desirable  for  the  purposes  of  an 
investigation,  any  of  these  aquaria  may  be  moved  to  the  research- 
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room  of  the  investigator  or  to  such  quarters  as  the  special  con- 
ditions of  the  experiment  demand. 

**  The  vivarium-room  contains,  in  addition  to  provisions  for 
water-inhabiting  animals,  cages  of  a  variety  of  forms  and  sizes. 
The  largest  of  these  cages,  six  and  a  half  feet  high,  six  feet  wide, 
and  four  feet  deep,  may  be  used  for  birds,  monkeys,  or  any  of 
the  medium-sized  mammals.  Cages  for  rabbits,  guinea-pigs, 
and  other  small  animals  are  arranged  in  frames  which  support 
four  double  compartments.  Similarly,  small  cages  suitable  for 
mice,  rats,  and  other  small  rodents  are  in  supporting  frames 
which  carry  four  of  the  double  cages,  each  of  which  is  removable 
and  may  be  carried  to  the  experimenting-room  at  the  convenience 
of  the  experimenter. 

**  In  a  large  unheated  room  above  the  main  laboratory  are  tanks 
for  amphibians  and  reptiles.  These  tanks,  since  they  can  be 
kept  at  a  low  temperature  during  the  winter,  are  very  convenient 
and  useful  for  frogs,  tortoises,  and  similar  hibernating   animals." 

Work  progressed  satisfactorily  in  these  quarters  until  the 
spring  of  1913,  when  the  introduction  of  experimental  work  in 
Educational  Psychology,  rendered  desirable  a  redistribution  of 
space.  During  the  summer  of  1913,  the  unfinished  fourth  floor 
of  Emerson  Hall  previously  referred  to  was  developed,  in  accord- 
ance with  plans  prepared  by  the  writer,  as  a  laboratory  of  animal 
psychology.  The  floor  plan  of  this  new  laboratory  is  presented 
in  the  accompanying  figure  1. 

Ten  rooms,  in  addition  to  an  office  for  the  director  of  the  work, 
are  now  at  the  service  of  students  of  animal  psychology.  Of 
these  rooms,  several  were  especially  planned  and  have  been  at 
least  partially  equipped  for  definite  lines  of  inquiry.  Thus 
rooms  40  and  41  have  been  built  about  the  Yerkes  and  Watson 
apparatus  for  the  study  of  the  several  aspects  of  vision  in  animals. ' 
Preliminary  studies  of  vision  by  simpler  rough  and  ready  methods 
are  conducted  in  other  rooms  of  the  laboratory,  or  at  the  Field 
Station  described  l)elow,  and  the  more  elaborate  apparatus  is 
used  only  for  accurate  and  thorough-going  investigations.  By 
means  of  our  varied  visual  equipment,  it  is  possible  to  study  color, 
intensity,  size,  form,  and  distance  perception  with  a  degree  of 
exactitude  which  heretofore  has  been  exceptional  in  connectioil 
with  studies  of  animal  behavior. 

Room  42  is  equipped  with  the  Watson  circular  maze  and  the 


ROBERT  M.  YERKES 


178 


g2 

o 

'd 

^ 

V 

(J 

■   r 

s. 

1 

73 

1 

1 

g 

1 

o 

r  1 

> 

i/i 

CO 

n 

5 

u 

^ 

< 

b 

V. 

O 

^ 

S 

z 

1 

< 

i 

CQ 

1 . 

1 

:z: 

>- 

> 

T 

g 

us 

•M 

< 

o 

1 

1 

a 

rf 

^ 

< 

£ 

1 

• 

u 

X 

o 

179     THE  HARVARD  LABORATORY  OF  ANIMAL  PSYCHOLOGY 

Yerkes  and  Kellogg  graphic  record  device.  The  latter  enables 
an  observer  to  obtain  accurate  records  of  distance  and  errors,  in 
addition  to  those  of  time,  in  all  maze  experiments.  Thus,  the 
value  of  the  maze-method  is  trebled.  This  improved  apparatus 
demands  stability,  and,  although  it  may  readily  enough  be  moved 
from  room  to  room,  it  is  eminently  desirable  to  have  a  suitable 
place  reserved  for  it,  so  long  as  the  maze  method  maintains  its 
present  importance  and  promise  as  a  comparative  method  and 
offers  so  many  obvious  possibilities  of  improvement. 

The  rooms  numbered  43,  44  and  45  are  daylight  rooms  as  is 
also  42,  which  may  be  employed  as  occasion  demands.  At 
present,  two  of  them  are  used  for  studies  of  problems  of  heredity 
in  rats  and  mice.  Later,  the  Hamilton  insoluble  problem  multi- 
ple choice  apparatus  and  the  Yerkes  soluble  problem  multiple 
choice  apparatus  will  be  installed  in  this  group  of  rooms.  These 
devices  demand  a  special  recorder-room.  It  is  our  purpose  to 
install  the  recorder  for  both  outfits  in  one  room  while  placing 
the  respective  reaction  devices  in  separate  rooms.  These  two 
sets  of  multiple  choice  apparatus  will  render  possible  in  this 
laboratory  or  at  the  Field  Station  (since  we  propose  so  to  construct 
the  apparatus  that  it  shall  be  readily  movable)  the  study  of 
ideational  reactions,  in  a  variety  of  animal  types,  in  such  wise 
as  to  furnish  directly  comparable  data  of  reaction. 

The  line  of  dark-rooms  numbered  46,  48  and  49,  is  especially 
convenient  because  it  may  be  used  either  in  sections  or  as  a  whole. 
A  supply  of  compressed  air  is  delivered  to  room  49,  and  it  is  in- 
tended that  in  this  room,  in  conjunction  with  room  48,  there  shall 
be  installed  apparatus  demanding  air  under  constant  pressure 
for  varied  studies  of  olfaction  and  audition. 

A  store  room,  number  47,  provides  adequate  space  for  supplies 
in  the  shape  of  food  stuffs,  bedding  or  litter,  small  cages,  and 
packing  or  transportation  boxes.  Storage  space  for  larger 
apparatus  and  materials  is  afforded  by  a  room  to  which  entrance 
is  given  by  the  doorway  indicated  in  room  42. 

Finally,  room  SO  is  the  "  animal  Hving  room  ''  of  the  laboratory. 
The  floor  of  this  room  is  water  proof  so  that  cages  and  aquaria 
may  be  thoroughly  washed  and  the  floor  flushed  at  need.  In 
this  vivarium  are  set  cages  for  a  variety  of  vertebrates.  At  pre- 
sent, the  laboratory  is  supplied  with  cages  especially  designed 
for  mice,   rats,  guinea  pigs,  rabbits,  cats,  monkeys  and  birds. 
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A  large  aquarium  table,  upon  which  any  desired  form  of  aquarium 
may  be  placed,  provides  for  the  housing  of  amphibians  and  fishes. 

The  writer's  students'  training  course  in  animal  psychology  is 
conducted  in  a  class-room  and  lecture  room  on  the  third  floor  of 
Emerson  Hall.  The  space  of  the  laboratory  on  the  fourth  floor 
is,  therefore,  wholly  available  for  research. 

The  rooms  of  the  new  laboratory  are  supplied  with  water, 
gas,  compressed  air,  and  a  variety  of  electric  currents.  The 
latter  are  conveniently  delivered  from  boards  located  in  each 
room.  In  every  room  there  are  available  110  volt  direct  and 
alternating  currents,  as  well  as  currents  from  Edison  storage 
batteries  which  are  located  in  the  battery  room  of  the  main  labora- 
tory. A  conveniently  placed  and  well  constructed  switch  board 
(S.  B.  of  Figure  1)  in  the  corridor  of  the  laboratory,  provides 
for  the  distribution  of  these  storage  currents.  This  board  is 
fitted  with  miniature  Weston  switch  board  voltmeter  and  am- 
meter, and  with  taper  plugs. 

Realizing  the  extreme  need  for  apparatus  in  animal  investi- 
gations which  shall,  in  a  large  measure,  eliminate  the  experi- 
menter from  the  situation  to  which  the  animal  is  expected  to 
respond,  the  writer,  in  planning  this  new  laboratory,  has  attempted 
so  to  arrange  spaces  that  automatic  setting,  actuating  and  re- 
cording devices  may  readily  be  placed  in  rooms  adjoining  those 
in  which  the  animal  is  responding.  Heretofore,  the  majority 
of  students  of  animal  behavior  have  deemed  themselves  com- 
petent and  able  to  observe  and  record  accurately  the  doings  of 
their  subjects.  That  this,  however,  is  not  the  case  is  clearly 
proved  by  numerous  instances  of  misobservation  and  mis- 
interpretation of  reactions.  We  have,  for  example,  twice  dis- 
covered in  this  laboratory  that  dogs  which  were  presimiably 
responding  to  a  definitely  arranged  experimental  situation  were 
actually  responding  to  certain  unconscious  movements  of  the 
experimenter.  The  only  safe  and  sure  way  to  avoid  such  risks 
is  to  provide  mechanical  recorders  which  shall  at  least  enable  the 
experimenter  to  separate  himself  widely  from  his  reacting 
subject. 

We  have  striven  for  flexibility  and  adaptability  in  this  new 
laboratory  of  animal  psychology  while  arranging  for  the  devel- 
opment, in  designated  spaces,  of  specific  forms  of  apparatus. 
So  fp     ^^^   ("Vjp  ^'^nriuct    ^^  e'«'i^^^  '^cntpl  ""vorV  tr\(^'i:f  hi^hb     *on- 
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trollable  and  reasonably  controlled  conditions  is  in  question, 
the  laboratory,  with  its  instrumental  equipment,  is  excellent. 
But  in  addition  to  the  ever  present  need  of  the  development  of 
new  methods  and  the  opportimity  for  the  advantageous  in- 
stallation of  new  apparatus,  the  writer  has  felt  as  a  still  more 
urgent  and  important  need,  the  supplementation  of  the  laboratory 
by  facilities  for  field  work. 

It  would  appear  to  be  self-evident,  yet  the  attitude  of  many 
experimental  students  of  animal  behavior  seems  to  contradict 
the  statement,  that  every  student  of  animal  life  should  be 
familiar  with  the  objects  of  his  interest  in  nature  as  well  as  in 
the  laboratory ;  that  he  should  possess,  as  a  basis  for  evaluating 
the  results  of  experiments,  intimate  knowledge  of  the  instincts, 
habits,  temperaments,  and  habitat  of  whatever  type  of  organism 
he  happens  to  be  using  for  experimental  purposes.  The  writer 
is  fully  convinced  that  naturalistic  observation,  or  field  work, 
should  be  held  alike  by  naturalists  and  experimentalists  as  of 
equal  importance  with  experimental  observation,  and  should 
be  regarded  as  an  indispensable  supplement  to  the  latter.  There 
are  naturalists,  to  be  sure,  who  decry  all  observation  of  animal 
behavior  made  under  experimental  conditions,  whether  within 
or  without  the  walls  of  a  laboratory,  and  there  are  experimental- 
ists who  deny  the  value  of  naturalistic  work,  or  ignore  it.  But 
surely  the  last  decade  has  furnished  abundant  proof  of  the  unprofit- 
ableness of  these  attitudes.  We  propose,  so  far  as  is  possible, 
in  connection  with  our  laboratory  studies  of  animal  behavior,  to 
attempt  to  unite  the  naturalistic  and  the  experimental  points 
of  view  and  methods. 

The  Harvard  Psychological  Laboratory  is  particularly  for- 
tunate in  having  the  use  of  a  field  station  in  Franklin,  New 
Hampshire,  at  which  naturalistic  studies  on  any  organian 
which  will  thrive  in  a  temperate  climate  may  be  pursued.  This 
station  consists  of  a  tract  of  about  one  hundred  and  fifty  acres  of 
hill  land,  of  which  about  half  is  wooded.  The  elevation  is  fourteen 
to  fifteen  hundred  feet.  There  are  numerous  springs  .and  a  brook 
on  the  tract.  Two  sets  of  old  farm  buildings  are  available  for 
such  needs  as  arise.  This  tract,  which  is  constituted  bv  two  old 
farms,  was  ]Durchased  by  the  writer  in  the  years  1911  and  1912 
to  serve  l)oth  as  a  summer  home  and  as  a  reservation  which  mig^t, 
as  seemed  desirable,  be  used  for  studies  in  animal  behavior 
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It  is  proposed  that  this  private  field  station  shall  meet  two 
keenly  felt  needs  of  the  Harvard  Laboratory;  the  one,  that  of  a 
suitable  place  for  purely  naturalistic  field  work;  and  the  other, 
that  of  a  similarly  suitable  place  for  the  conduct  of  laboratory 
investigations  which  cannot  well  be  continued  during  the  summer 
in  Cambridge.     We  may  consider,  first,  the  second  of  these  needs. 

There  are  frequently  in  progress,  in  the  Harvard  Laboratory, 
researches  on  heredity  or  on  problems  which  demand  long  ex- 
perimental training,  the  interruption  of  which,  during  the 
summer  vacation,  entails  serious  loss.  It  is  often  impracticable 
to  attempt  to  continue  such  investigations  throughout  the  sum- 
mer in  Emerson  Hall,  for  even  if  the  investigator  is  willing  to 
work  there,  it  usually  means  a  serious  sacrifice  on  his  part  of 
opportunity  for  rest  and  recreation  through  a  change  of  scenes. 
The  Franklin  Field  Station,  it  is  hoped,  will  result  in  the  saving 
of  considerable  time  to  certain  investigators,  since  there  it  should 
be  possible  to  continue  work  uninterruptedly  throughout  the 
summer,  while  at  the  same  time  the  investigator  may  profit  by 
the  change  from  city  to  country  and  the  chance  to  combine 
experimental  and  naturalistic  studies  in  animal  behavior  with 
the  recreations  of  a  mountainous  country. 

It  is  by  no  means  intended  that  all  of  the  investigations  con- 
ducted in  the  Harvard  Laboratory  shall  be  transferred  to  the 
Field  Station.  Instead,  only  a  few  should  or  can,  to  advantage, 
be  so  transferred. 

But  of  primary  importance,  as  contrasted  with  its  value  as  a 
place  for  transferred  experimental  investigations,  is  the  oppor- 
tunity which  the  field  station  offers  for  naturalistic  work.  In 
and  about  the  Cambridge  Laboratory,  favorable  opportunities 
for  training  students  to  observe  animals  carefully,  critically, 
and  at  the  same  time  sympathetically,  in  their  native  habitats, 
are  rare.  And  the  writer  has  observed,  in  many  otherwise 
admirable  students  of  the  biological  sciences,  a  tendency  toward 
the  acquisition  of  a  narrow  minded  attitude  toward  experi- 
mental observation,  which  blinds  them  to  the  value  of  nature- 
study.  It  is  hoped  that  at  Franklin  something  may  be  done 
for  at  least  a  few  students  of  animal  behavior  to  counteract 
this  tendency  and  to  train  them  to  become  enthusiastic  and 
liable  na1  i relists  as  well  as  skilled  experimentalists. 
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of  scores  of  invertebrates  and  vertebrates  should  not  be  observed 
under  conditions  of  varying  degrees  of  freedom.  The  country 
is  already  rich  in  animal  life.  Indeed,  the  Pemigewassett 
Valley,  in  which  the  station  is  located,  is  well-known  to  orni- 
thologists because  of  the  abundance  of  birds.  It  will  imdoubtedly 
prove  feasible,  as  occasion  arises,  to  import  organisms  for  study. 

The  station  is  at  present  available  during  the  months  of  June, 
July,  August  and  September.  It  is  at  this  time  that  work  in 
Cambridge  can  least  satisfactorily  be  conducted.  The  climate 
at  Franklin  is  healthful  and  agreeable.  For  a  few  days  in  July 
the  heat  is  at  times  oppressive,  and  before  the  end  of  September, 
frosts  are  likely  to  chill  the  enthusiasm  of  the  field  worker  and  to 
encourage  his  return  to  the  city  laboratory. 

Only  a  small  group  of  observers  can  be  received  at  the  Field 
Station  during  the  summer.  Each  individual  is  responsible  for 
his  living  expenses,  and  for  the  present  at  least,  he  must  be  res- 
ponsible, also,  for  such  expenditures  as  the  conduct  of  his  work 
demands.  The  station,  as  stated  above,  is  the  property  of  the 
writer,  and  is  by  him,  in  his  capacity  as  director  of  studies  in 
animal  behavior  at  Harvard,  placed  at  the  service  of  a  selected 
group  of  investigators  during  the  summer. 

Behavioristic  work  was  initiated  at  the  Franklin  Field  Station 
in  the  summer  of  1912,  by  a  study  of  habit-formation  in  earth- 
worms, conducted  by  Ada  W.  Yerkes  and  the  writer.  This  was 
a  continuation  of  work  begun  previously  in  the  Harvard  Labora- 
tory. 

Two  investigations  were  pursued  during  the  second  season 
(June  to  October,  1913)  by  Mr.  C.  A.  Cobum  and  the  writer. 
Of  these,  the  one  was  a  study  of  the  transmission  of  savageness 
and  wildness  in  mice,  and  the  other,  a  natiu-alistic  and  experi- 
mental investigation  of  the  behavior  of  the  crow.  The  first  of 
these  was  transferred  for  the  season  from  the  Harvard  Labora- 
tory. The  second  was  a  new  inquiry  which  indeed  could  be  con- 
ducted to  advantage  only  at  the  Field  Station.  Both  of  these 
investigations  prospered  most  encouragingly  during  the  season, 
and  we  confidently  expect  and  hope  that  they  may  be  continued 
during  the  coming  summer.  Mr.  Cobum,  in  a  paper  which 
appears  in  this  number  of  the  Journal  (p.  185),  has  given  a 
preliminary  account  of  the  results  of  certain  of  his  experiments 
with  crows.     The  naturalistic  data  which  we  obtained  are  reserved 
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for  later  presentation  in  connection  with  observations  which  we 
hope  to  make  next  summer.  This  paper  on  the  crow  initiates 
a  series  of  contributions  from  the  Franklin  Field  Station  which 
should,  in  invaluable  ways,  supplement  our  studies  from  the 
Harvard  Laborator\\ 


THE  HEREDITY  OF  SAVAGENESS  AND  WILDNESS 

IN  RATS 

ROBERT  M.  YERKES 
Harvard  University 

In  1 910  Professor  William  E.  Castle  suggested  to  me  the 
desirability  of  studying  the  heritability  of  savageness  and  wild- 
ness  in  certain  strains  of  rats  which  were  being  bred  for  studies 
in  the  heredity  of  structural  characteristics  at  the  Bussey  Insti- 
tution. I  undertook  the  proposed  investigation,  and  by  the 
generous  aid  of  Professor  Castle  and  Doctor  John  C.  Phillips 
I  have  been  enabled  to  test  the  behavior  of  nearly  three  hundred 
individuals.  The  investigation  is  incomplete,  and  in  this  paper 
I  propose  to  present  merely  a  preliminary  report,  reserving  the 
detailed  account  of  my  work,  wdth  the  experimental  data,  for 
a  paper  to  be  published  later,  in  some  journal  of  genetics. 

At  the  outset  I  made  a  preliminary  analysis  of  the  behavior 
of  some  of  the  rats  in  order  to  discover  several  traits  which 
seemed  to  be  fairly  isolable  and  capable  of  reasonably  accurate 
measurement.  As  a  result  of  these  observations,  I  decided  to 
make  tests  of  the  savageness,  wildness,  and  timidity  of  wild 
rats,  tame  rats,  and  of  the  first  and  second  generation  hybrids. 

Preliminary  attempts  at  measurement  indicated  that  six 
grades,  with  respect  to  these  several  traits,  might  be  utilized. 
These  grades  I  designated  as  o,  i,  2,  3,  4,  and  5.  The  grade 
o  indicates  the  absence  of  the  various  signs  of  savageness,  wild- 
ness, or  timidity.  The  grade  5  indicates  the  presence  of  these 
signs  in  maximal  number  and  intensity. 

In  order  to  obtain  a  rough  measure  of  the  reliability  of  my 
judgments,  I  tested  the  individuals  of  several  litters  of  rats 
with  respect  to  the  three  traits  designated  and,  later,  without 
knowledge  of  my  previous  results,  retested  the  same  individ- 
uals. A  comparison  of  the  measurements  thus  obtained  indi- 
cated that  they  were  often  the  same  and  seldom  differed  by 
mrre  tb^^^  '    t-qHp      ""  i^  -e*  ilt5    nve^*   below  are  typj^^J. 
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No.  of  rat  Date  Savageoess     Wildoess      Timidity 

59c?        Jan.  10 4  4  3 

"17 4  3  2 

69$  "10 3  3  4 

"     17 2  3  4 

63$  "10 3  3  4 

"17 3  3  3 

The  preliminary  analysis  of  the  behavior  of  rats,  and  my 
measurements,  convinced  me  that  I  might  profitably  imder- 
take  a  systematc  study  of  savageness,  wildness,  and  timidity 
in  wild,  tame,  and  hybrid  individuals.  Of  these  three  traits,  or 
possibly  I  should  say,  combinations  of  traits,  timidity  is  the 
most  difficult  to  recognize  and  satisfactorily  measure.  It  is 
indeed  extremely  doubtful  whether  it  can  with  sufficient  cer- 
tainty be  distinguished  from  w^ildness  to  render  measurements 
significant.  I  have  attempted,  however,  throughout  the  inves- 
tigation, to  measure  it  and  I  shall  report  the  results  along  with 
those  for  the  other  traits. 

My  method  of  testing  the  rats  was  to  place  a  cage  containing 
individuals  to  be  examined  on  a  table  in  the  center  of  an  other- 
wise unoccupied  room.  I  then  removed  an  individual  from  the 
cage  in  order  carefully  to  observe  its  behavior.  This  removal 
w^as  effected  by  means  of  my  gloved  hand,  when  that  method 
could  safely  be  used,  or,  in  the  case  of  extremely  savage  animals. 
by  means  of  a  pair  of  placental  forceps  w-hich  were  used  to 
grasp  the  animal  by  the  tail. 

The  chief  indications  of  savageness  noted  and  relied  upon  as 
a  basis  for  grading  are  (i)  biting;  (2)  exposing  or  gnashing 
the  teeth;    (3)  jumping  at  hand  or  forceps;    (4)  squeaking. 

Similarly,  the  chief  indications  of  wildness  are  (i)  attempts 
to  hide  from  view  in  cage  or  in  hand;  (2)  random  and  excited 
running  about  in  the  cage  or  excited  attempts  to  escape  from 
the  hand  or  the  forceps;  (3)  squeaking;  (4)  urination  and 
defecation. 

Timidity  is  indicated  (i)  by  attempts  to  avoid  the  experi- 
menter; (2)  by  a  kind  of  chattering  or  gnashing  of  the  teeth; 
(3)  by  cowering  and  what  looks  like  trembling;  (4)  urination 
and  (Icfecation. 

r^roni  my  notes,  I  reproduce  the  following  statements  con- 
cerning these  several  traits  of  behavior.     "Savageness  is  of  two 
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kinds,  defensive  and  offensive.  Of  each  there  are  several  indi- 
cations. The  former  deserves  a  higher  grade  than  the  latter. 
Defensively  savage  individuals  are  likely  to  jump  at  the  observer 
and  cannot  be  safely  handled  even  with  the  gloved  hand.  Offen- 
sively savage  rats  may  safely  be  handled:  it  is  necessary  only 
to  avoid  hurting  them.  Wildness  almost  invariably  accom- 
panies savageness.  Timidity  may  or  may  not.  An  extremely 
savage  and  wild  rat  may  exhibit  little  fear  of  the  experimenter. 
A  savage  and  aggressive  wild  rat  fights,  whereas  a  tiniid  rat 
cowers,  trembles,  and  chatters.*' 

The  animals  observed,  numbering  about  three  hundred  (300), 
consisted  of  wild  rats,  tame  rats,  and  first  and  second  genera- 
tion hybrids. 

The  wild  rats  were  captured  either  in  Belmont  or  in  Cam- 
bridge, Massachusetts,  and  were,  with  one  exception,  adult 
males.  Observations  and  tests  on  them,  made  in  several  in- 
stances immediately  after  capture  and  again  after  they  had  been 
in  captivity  for  a  year,  indicated  extreme  savageness  and  wild- 
ness, with  variable  timidity.  The  grade  of  5  for  savageness  was 
assigned  to  almost  all  of  these  individuals.  In  wildness,  they 
were  graded  either  4  or  5,  and  in  timidity  3,  4,  or  5.  As  a  result 
of  their  confinement  in  cages  for  a  year,  they  exhibited  a  lower 
grade  of  wildness  and  timidity,  but  their  savageness  remained 
unchanged.  It  was  impracticable  and  wholly  unnecessary  to 
repeat  frequently  the  tests  on  these  wild  individuals. 

The  tame  rats  were  taken  from  a  strain  in  use  for  studies 
of  coat  color  at  the  Bussey  Institution.  This  strain  has  been 
bred  in  the  Harvard  Zoological  Laboratory  for  at  least  ten 
years.  A  brief  account  of  some  recent  experiments  with  these 
rats  has  been  given  by  Professor  Castle  in  a  paper  entitled 
"Some  biological  principles  of  animal  breeding.*'* 

As  a  result  of  certain  experiments  in  selective  breeding, 
two  types  of  animal,  each  of  which  was  used  in  my  experiments 
are  distinguishable  in  this  strain.  They  are  known  as  wide  (W) 
and  narrow  (N)  individuals.  Both  have  black  heads  (hoods), 
but  in  the  wide  the  black  extends  further  back  than  in  the 
narrow.  The  wide  are  known  to  have  more  wild  blood  than 
the  narrow,  and  in  these  experiments  they  prove  to  be  wilder 
and  more  savage. 

^American  Breeders'  Magazine^  1912,  vol.  3,  no.  4. 
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Tests  of  savageness,  wildness,  and  timidity  were  made  with 
eight  male  and  eighteen  female  tame  rats  (some  wide,  some 
narrow).  Each  individual  was  tested  twice,  the  tests  being 
separated  by  an  interval  of  one  month.  In  no  case  did  the 
males  receive  a  grade  above  o.  All  were  so  gentle  and  tame 
that  they  could  readily  be  taken  up  in  the  ungloved  hand  and 
examined.  The  females  were  decidedly  less  gentle  and  tame 
than  the  males.  Two  cf  the  eighteen  tested  received  a  grade 
of  I  for  savageness  and  fourteen  of  the  eighteen  received  a 
grade  of  i  for  wildness.  The  number  receiving  a  grade  above 
o  for  timidity  was  twelve. 

The  contrast  between  the  wild  and  the  tame  rats  with  respect 
to  savageness,  wildness,  and  timidity  is  extremely  marked. 

The  first  generation  of  hybrids  was  obtained  in  almost  all 
cases  by  crossing  a  wild  male  with  a  tame  female.  This  mating 
is  much  more  satisfactory,  because  more  likely  to  yield  off- 
spring, than  the  mating  of  a  wild  female  with  a  tame  male.  By 
crossing  the  first  generation  hybrids  among  themselves,  without 
selection  with  respect  to  savageness,  wildness,  and  timidity,  the 
second  generation  hybrids  were  obtained.  Up  to  the  present, 
no  third  generation  hybrids  have  been  examined. 

As  the  mating,  numbering,  and  weaning  of  the  rats  used 
were  attended  to  by  Professor  Castle  and  Doctor  Phillips,  the 
experimenter  was  wholly  unprejudiced,  while  making  his  tests, 
by  knowledge  of  the  genetic  relations  of  the  individuals.  Very 
rarely  indeed  did  he  know  whether  the  individual  under  obser- 
vation was  a  tame  rat  or  a  first  or  second  generation  hybrid 
rat.  Thus,  he  was  able  to  escape  entirely  the  influence  of  pos- 
sible presuppositions  concerning  the  behavior  of  savageness, 
wildness,  and  timidity  in  heredity. 

With  a  few  exceptions,  each  indi\4dual  was  tested  from  three 
to  five  times,  at  inter\als  of  several  days.  The  first  test  was 
made,  as  a  rule,  at  the  a^e  of  about  six  weeks  and  the  remain- 
ing tests  usually  covered  a  period  of  at  least  a  month,  sozne- 
tinics  two  months.  It  was  noted  that  in  general  the  animals 
receive  lower  grades  with  re])etiti()ns  of  the  tests.  This  is  due 
in  ])art  to  the  ox]HM*ience  cf  being  handled,  but  even  more  to 
the  fact  that  they  become  accustomed  to  seeing  human  beings 
and  to  bc'in^  disturbed  when  fed  or  when  the  cages  are  cleaned. 
There  is  also  some  evidence  that  ageing  has  something  to  do' 
with  the  change. 
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TABLE  1 

Results  of  Successive  Tests  of  First  Generation,  F|,  (Narrow  X  Wild) 

Hybrid  Rats 

Rat         Age  Date  Savageness     Wildness       Timidity 

199      58  days     Sept.  25 5  4  4 

Oct.      2 4  4  3 

"17 3  4  3 

"24 1  2  2 

209      58  days     Sept.  25 5  5  6 

Oct.      2 5  5  4 

"17 5  5  4 

"24 2  3  2 

94?      45  days     Aug.     7 1  1  1 

"13 2  2  2 

Sept.  25 1  3  2 

Oct.      2 0  2  2 

21(?     58  days     Sept.  25 5  5  6 

Oct.      2             4  4  3 

"17 3  4  3 

"24 2  3  2 

22d^     58  days     Sept.  25 5  4  4 

Oct.      2 4  4  3 

"17 2  3  2 

"24 1  3  2 

80c?     50  days     June  20 0  2  1 

July      5 1  2  1 

Aug.     7 0  1  1 

"13 0  0  0 

In  tables  i  and  2  are  presented,  for  contrast,  t3T)ical  results 
obtained  with  groups  of  Fj  (first  hybrid  generation)  males  and 
females  and  F,  (second  hybrid  generation)  males  and  females. 

The  individuals  of  these  tables  are  all  the  offspring  of  crosses 
between  narrow  tame  rats  and  wild  rats.  The  results  indi- 
cate (i)  diminishing  savageness,  wildness,  and  timidity  with 
repetitions  of  the  tests;  (2)  sex  differences;  (3)  marked  differ- 
ences for  the  tW'O  generations.  The  F,  individuals  grade  much 
higher,  on  the  average,  in  savageness,  wildness,  and  timidity 
than  do  the  Fj  rats. 

The  results  for  seventy-eight  F,  individuals  are  summarized 
in  table  3.  All  of  these  individuals  were  the  offspring  of  narrow 
by  wild  crosses.  The  table  presents,  in  the  first  horizontal  line, 
(a)  the  average  age ;  (b)  the  range  in  age  of  the  group ;  (c)  the 
average  number  of  tests ;   (d)  the  range  of  tests ;   (e)  the  average 
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TABLE  2 

Results  Of  Successive  Tests  of  Second  Generation,  F,,  (Narrow  X  Wild) 

Hybrid  Rats 

Rat         Age  Date  Savageness     Wildness       Timidity 

52?      75  days    Jan.    24 0  3  2 

"31 0  1  1 

Mar.    11 0  0  0 

"18 0  0  0 

559      75  days     Jan.    24 0  0  1 

"     31 0  0  0 

Mar.    11 0  0  0 

"18 0  0  0 

64$      80  days    Sept.  27 5  6  6 

Oct.      7 5  4  4 

56c?     75  days    Jan.    24 0  3  2 

"     31 0  2  2 

Mar.    11 0  1  1 

"18 0  1  1 

53c?     75  days    Jan.    24 0  3  2 

"31 0  3  3 

Mar.    11 0  3  1 

"18 0  2  1 

62c?    80  days    Sept.  27 5  6  6 

Oct.      7 5  6  4 

grade  attained  in  the  first  test  for  savageness;  (f)  in  the  last 
test  for  savageness;  (g)  the  average  grade  for  all  tests  (that 
is  the  average  for  the  total  number  of  tests  given  to  the  group). 
The  same  three  \'ahies  are  given  also  for  wildness  and  for  tim- 
idity. Immediately  below  these  averages  appears  the  distribu- 
tion of  the  rats  in  the  grades  o  to  5. 

In  tables  3,  4,  5,  and  6  the  results  for  males  and  females  are 
presented  sei)arately.  Tables  3  and  4  present  the  results  ob- 
tained from  the  oiTs])ring  of  narrow  tame  by  wild  crosses,  and 
tcibles  5  and  6  those  obtained  from  the  offspring  of  wide  tame 
bv  wild  erosses. 

It  is  a])])arent  from  table  3  that  the  Fj  narrow  by  wild  indi- 
viduals of  both  sexes  grade  high  in  savageness,  wildness,  and 
timidity.  Without  exce])tion,  the  females  grade  higher  than 
the  males.  Thus,  the  first  test  for  savageness  yielded  the  grade 
of  4..s<)  for  the  females  and  3.45  for  the  males.  This  result  is 
ty])ical.  The  lower  grades  attained  in  the  last  test  are  note- 
worthy.    If  we  designate  the  grade  whieh  is  most  frequent  as 
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TABLE  3 
n  PiRBT  Gknbration  Hybrids,  P,  (Narrow  x  Wiu>) 
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the  modal  grade,  we  ha\-e.  in  the  case  of  the  first  tests  for  both 
males  and  females,  5  as  the  modal  grade.  In  other  words,  this 
group  of  F,  hybrids  attain  the  maxima]  grade  of  savageness, 
wildncss,  and  timidity  with  modal  frequency. 

Turning  now  to  a  comparison  of  the  results  of  table  3  with 
thote  for  the  second  generation  hybrids  as  presented  in  table  4, 
we  discover,  first  cf  all,  that  the  F,  individuals,  numbering  one 
hundred  and  fifteen,  grade  very  much  lower  on  the  average  in 
sa\-agcness,  wildness,  and  timidity  than  do  the  F,  hybrids.  A 
comparison  of  the  results  for  the  two  sexes  indicates  a  marked 
difference  in  that,  whereas  the  F,  females  grade  higher  than  the 
males,  the  F,  males  grade  higher  than  the  females.  With  re- 
spect to  the  distribution  of  individuals  there  is  a  great  differ- 
ence for  the  two  generations,  for  whereas  the  F,  individuals 
attain  as  their  mode  the  grade  of  5,  the  F,  individuals  in  no 
instance  attain  a  grade  higher  than  2  as  the  modal  grade,  and 
in  most  cases  it  is  either  o  or  i .    Thus,  it  may  be  noted  in  table 
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TABLE  4 
F  Kesulth  pok  SKctitm  Gbmeration  Hybrids,  F,  (Narrow  X  Wild) 
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4,  that  the  modal  }^rade  for  all  of  the  a\'erages  under  savage- 
noss  is  o;  under  wildness  ur  timidity,  i  or  a. 

The  results  of  tattles  5  and  6  stand  in  striking  contrast  with 
those  of  tahles  3  and  4.  Although  the  numbers  of  individueils 
resulting  from  wide  by  wild  crosses  arc  small  for  both  the  first 
and  the  second  jjeneration  hybrids,  the  dilTerences  which  appear 
from  ecmparison  of  tables  3  and  4  with  5  and  6  indicate  clearly 
the  influence  <  f  the  wikl  bkxjd  in  the  wide  tame  parent. 

We  ni>te  from  table  5  that  fifteen  F,  individuals  yield  aver- 
age grade.*;  which  are  atmul  as  high  as  those  for  the  F,  narrow 
b\-  wild.  There  is  slight  dilTerencc,  huwe\-cr,  in  the  case  of  the 
I',  wide  bv  wild  indi\iduals  for  the  sexes.  The  modal  grade 
fnr  ?;t\ageness.  wildness,  and  timidity  is  seldom  below  4  for 
fillier  njales  i>r  females.      In   two  cases  it  is  3. 

Tile  sieond  generatiim  <f  wide  liy  wild  individuals  grades 
in  adv  as  bigli  a-:  the  lirsl  generalinn  and  is  thus  in  marked 
(■1  iitra-t    wilh    the   .Hccm!   gtneratiiii   <£   the   narrow   by   wild 
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TABLE  6 
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rats.  There  is  no  very  marked  constant  difference  for  the  sex 
groups.  The  modal  grade  ranges  from  o  to  4.  It  is  most  fre- 
quently cither  2  or  3.  This  apparently  indicates  that  savage- 
ness,  wildness,  and  timidity  are  of  lower  grade  development  in 
the  second  generation  than  in  the  first  generation  of  wide  by 
wild  individuals. 

Finally,  in  table  7  are  presented  the  results  for  the  F,  as 
contrasted  with  the  F,  narrow  by  wild  hybrids,  the  sex  groups 
ha\ing  been  combined.  In  this  table,  the  averages  for  the 
first  test  alone  are  given.  This  test  appears  to  be  in  all  respects 
the  most  reliable  measurement  of  the  several  traits.  As  ap- 
pears, the  first  generation  hybrids  approximate  the  averse 
grade  of  4  in  savageness,  wildness,  and  timidity,  whereas  the 
second  generation  hybrids  approximate  the  average  grade  of  2. 
The  modal  grade  for  the  first  generation  individuals  is  5  in  the 
case  of  all  three  traits.  For  the  second  generation  individuals 
it  is  o  in  the  case  of  savageness  and  2  in  the  case"*  of  wildness 
and  timidity. 
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TABLE  6 
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TABLE  7 

General  Summart  of  Results  poh  First  and  Secohd  Generation 

Hybrids,  (Narrow  X  Wild) 
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The  results  thus  briefly  presented  in  tabular  form  prove 
conclusively  that  savageness,  wildness,  and  timidity  are  herit- 
able behavior-complexes.  It  is  hoped  that  the  further  study 
of  these  characteristics  in  the  third  generation  hybrids,  and 
in  special  matings  from  the  first  and  second  generation  hybrids, 
may  yield  more  definite  results  concerning  the  modes  of  trans- 
mission. 
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CHARLES  A.  COBURN 

From  the  Harvard  Psychological  Laboraiorv  and  the  Franklin  Field  Station^  FrmUdtn^ 

New  Hampshire 

Many  years  ago,  Henry  Ward  Beecher  remarked  that  if  men 
were  feathered  out  and  given  a  pair  of  wings,  a  very  few  of 
them  would  be  clever  enough  to  be  crows.  This  statement 
represents  in  a  general  way  the  opinion  of  the  mental  ability 
of  the  crow  held  by  many  students  of  bird  life.  The  literature, 
both  early  and  late,  aboimds  with  anecdotes  depicting  the  in- 
tellectual superiority  of  the  crow  over  other  birds. 

During  the  last  two  decades  investigations  have  been  made* 
by  the  United  States  Department  of  Agriculture  and  several 
state  boards  of  agriculture,  to  determine  whether  the  battle 
waged  by  the  farmer  against  the  crow  is  justified.  The  results 
of  these  studies  tend  to  show  that  the  value  of  the  crow  to  the 
farmer  by  its  destruction  of  injurious  insects,  mice  and  other 
rodents,  more  than  compensates  for  the  injury  it  does  to  the 
growing  crops.  These  studies  have  also  provided  interesting 
data  on  the  habits  and  mental  characteristics  jof  the  crow.  The 
data,  derived  in  this  manner,  in  no  way  contradict  the  general 
impression.  It  is,  in  general,  indicated  that  the  crow  is  very 
intelligent,  supremely  cautious  and  suspicious.  Forbush*  states 
that,  in  his  opinion,  it  naturally  is  neither  very  cautious  nor 
suspicious,  but  bold  and  fearless.  Its  apparent  traits,  have  been 
acquired  by  force  of  necessity.  The  reason  for  his  statement 
is  that  on  the  Pacific  Coast,  especially  during  the  early  period 
of  settlement,  the  crows  were  extremely  bold  and  unsuspicious. 

No  definite  study  of  the  mental  ability  of  the  crow  was  made 
imtil  1910,  when  James  P.  Porter  •  used  three  crows  in  his  in- 
vestigation of  intelligence  and  imitation  in  birds.     His  results 

>  Forbush,  £.  H.  Useful  Birds  and  their  Protection.  Published  under  the  direc- 
tion of  the  Massachusetts  State  Board  of  Afi^culture.    1907. 

*  Porter,  James  P.  Intelligence  and  Imitati<Mi  in  Birds:  A  Criterioii  of  Imita- 
tion.   Amer.  Jour,  of  Psychology,  1910,  vol.  21,  pp.  1-71. 
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did  not  put  the  crow  on  a  higher  plane  of  intelligence  than  sev- 
eral other  birds,  especially  the  English  sparrow. 

In  co-operation  with  Professor  Robert  M.  Yerkes,  an  inves- 
tigation of  the  intelligence  of  the  crow  was  begun  in  June,  1913, 
at  the  Franklin  Field  Station.  Work  was  continued  until  late 
September.  It  is  planned  to  continue  the  investigation  in  suc- 
ceeding summers  under  the  favorable  conditions  of  the  station. 

The  first  simimer's  work  included  a  general  study  of  the 
habits  and  development  of  the  bird  (to  be  reported  after  addi- 
tional data  have  been  obtained)  and  a  preliminary  examination 
of  its  ability  to  discriminate  brightnesses,  sizes  and  forms. 

It  soon  became  apparent  that  the  adaptation  of  an  apparatus 
and  method  to  the  extremely  w^ary  and  suspicious  nature  of  the 
crow  was  a  more  difficult  task  than  had  been  anticipated.  This 
was  accomplished  after  much  experimenting  with  different 
methods  of  procedure  and  many  changes  in  the  apparatus.  By 
the  time  both  method  and  apparatus  were  fairly  well  adapted 
to  the  characteristics  of  the  crow,  the  summer  was  well  gone. 

Our  results  are  only  approximations  to  the  crow's  discrixn-' 
inating  ability.  They  are  of  value,  however,  in  that  they  indi- 
cate certain  important  tendencies.  A  comparison  of  the  results 
obtained  during  the  first  weeks  with  those  obtained  the  last 
few  days  clearly  shows  the  effect  of  improvement  in  method. 

Two  crows  were  used  in  these  experiments.  They  were  taken 
from  a  nest  near  the  Field  Station  on  the  6th  of  Jtme.  They 
were  then,  probably,  about  two  weeks  old.  Nimiber  1,  a  male, 
was  larger  and  better  developed  when  caught.  When  full- 
grown  it  was  larger  and  bolder  and  less  easily  frightened  than 
the  female.  Number  2. 

For  two  or  three  weeks  after  they  were  caught,  the  young 
birds  were  fed  earthworms,  with  an  occasional  bit  of  cooked 
cereal.  Gradually  this  diet  gave  way  to  various  kinds  of  meat, 
bread  soaked  in  milk,  cracked  corn  soaked  in  water,  and  table 
scraps. 

The  development,  care,  and  feeding  of  yoimg  crows,  will  be 
discussed  in  a  later  paper. 

When  the  two  crows  were  about  nine  weeks  old,  they  were 
able  to  fly  a  short  distance  and  to  eat  alone.  They  were  so  tame 
that  they  recognized  the  voice  of  the  experimenter  and  would 
come  when  called,  perch  on  his  arm  or  shoulder,  and  eat  from 
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his  hand.  This  friendliness  was  shown  to  no  other  person,  add 
an  entire  stranger  wotdd  frighten  them  very  much. 

Four  other  crows  were  obtained  from  Pennsylvania,  but  they 
were  too  wild  for  use  in  the  investigation. 

The  building,  in  which  the  experimenting  was  done,  was 
divided  into  two  compartments,  each  10  feet  by  12  feet.  Oae 
of  these  served  as  a  roost  and  feed-room.  Adjoining  this  room 
was  a  fly,  24  by  10  by  8  feet  high,  made  of  chicken  wire.  The 
crows  cotild  fly  direct  from  the  roost  to  a  perch  in  the  far  end 
of  the  fly. 

The  other  compartment,  which  served  as  an  experiment* 
room,  was  set  off  from  the  feed-room  by  a  p&rtitioh  of  chicken 
wire  and  a  burlap  curtain.  The  curtain  could  be  pulled  adide 
when  experiments  were  not  in  progress,  thus  allowing  a  ftee 
circulation  of  air. 

The  apparatus  used  was  a  modified  form  of  the  discrimifia- 
tion-box  used  by  F.  S.  Breed  •  and  later  by  L.  W.  Cole  •  in 
their  studies  of  the  reactions  of  chicks  to  visual  stimtili.  The 
following  description  is  intended  to  give  oiJy  the  essential  poiAtd 
of  the  apparatus.  For  a  more  detailed  account,  reference  mi^ 
be  made  to  the  reports  of  Breed  and  Cole. 

The  entrance-chamber  was  a  movable  box  18  by  16  by  14 
inches  deep.  The  top,  bottom,  and  three  sides  were  of  cme-half 
inch  boards.  The  foiuth  side  was  covered  with  wire  nettii^^ 
one-fourth  inch  mesh.  In  each  end  were  openings,  7  inches  by 
9  inches,  with  horizontal  slide  doors. 

Leaving  the  entrance-box,  the  crow  entered  the  discriminft» 
tion-chamber.  This  was  16  by  19  by  13  inches  deep.  The  top 
was  of  wire,  one-fourth  inch  mesh.  Opening  directly  into  thill 
chamber  were  two  chambers,  18  by  19  by  13  inches  deep.  The 
tops  of  these  chambers  were  of  wood  as  were  also  the  sides  and 
floors.  The  exit  from  each  of  these  chambers  was  7  inches  by 
9  inches,  with  horizontal  slide  doors.  They  opened  directly 
into  two  exit-boxes  similar  to  the  entrance-box.  The  front  endil 
of  the  stimulus-chambers  were  formed  by  a  three-stimuluA 
plate-shifter  sliding  in  wooden  tracks.  For  a  minute  descrip- 
tion of  this  shifter,  the  reader  is  referred,  to  the  papers  of  Breed 

>  Breed,  F.  S.  Reactions  of  Chicks  to  Optical  Stimuli,  /our.  of  Animal  Be- 
haptar,  1912,  vol.  2,  pp.  280-295 

*  Cole.  L.  W.  The  Relation  of  Strength  of  Stimulus  to  Rate  of  Leaniing  in  the 
Chick.    Jour,  of  Animal  Behavior,  1911,  vol.  1,  pp.  111-124. 
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and  Cole.  The  stimulus  plates  used  in  the  experiments  on  size 
and  form,  were  the  standard  plates  devised  by  Yerkes  and 
Watson  •  for  their  brightness  vision  apparatus  and  are  described 
in  detail  in  their  paper. 

The  floor,  walls,  and  top  of  the  discrimination-chamber  and 
the  two  stimulus-chambers  were  painted  a  dark  gray.  This 
rendered  the  two  stimulus-chambers  alike  in  every  way  except 
with  respect  to  the  desired  difference  in  optical  stimuli,  namely, 
that  of  brightness,  size,  or  form.  Care  was  taken  throughout 
the  work  to  see  that  this  was  the  only  means  by  which  the  crow 
could  choose  the  correct  path. 

The  exit  doors  were  operated  by  a  system  of  cords.  A  cur- 
tain was  suspended  from  the  ceiling  at  the  rear  of  the  apparatus. 
The  experimenter,  standing  behind  the  curtain  and  looking 
through  a  small  peep-hole,  could  observe  the  behavior  of  the 
crow  while  in  the  apparatus  and  open  and  close  the  exit-doors 
without  being  seen  by  the  crow. 

Late  in  the  stimmer,  two  swinging  gates  of  wire  were  sus- 
pended between  the  discrimination-chamber  and  the  two  stimu- 
lus-chambers. These  gates  also  were  operated  by  cords.  At  the 
beginning  of  a  test  they  were  drawn  up  to  the  ceiling  of  the 
discrimination-chamber.  The  piupose  of  these  gates  was  to 
prevent  the  crow  from  returning  into  the  discrimination-chamber 
after  it  had  made  a  wrong  choice. 

During  the  experiments  on  brightness  discrimination,  the 
apparatus  faced  a  north  window.  With  the  beginning  of  the 
tests  of  size  discrimination,  it  was  shifted  to  face  a  larger  south 
window.  In  this  position,  it  remained  during  the  rest  of  the 
season. 

The  ability  of  the  crow  to  detect  a  slight  change  in  the  situa- 
tion, together  with  its  wary  and  suspicious  nature,  made  it 
impossible  to  choose  a  method  of  procedure  at  the  beginning 
and  to  adhere  to  it  rigidly  throughout  the  period  of  work.  The 
method  used  at  the  beginning  was  evolved  during  the  prelimi- 
nary trials,  when  the  first  indications  were  received  of  what  the 
crow  might  reasonably  be  expected  to  do.  Various  changes 
were  made  in  this  initial  method  until  a  reasonably  satisfactory 
one  had  been  developed. 

■•>  Verkes,  R.  M.,  and  Watson,  J.  B.  Methods  of  Studying  Vision  in  Animals. 
Behavior  SlonographSy  1911,  vol.  1.  no.  2,  p.  23. 
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For  several  days  previous  to  the  first  preliminary  series,  the 
crows  were  compelled  to  enter  the  discrimination-chamber  in 
order  to  get  their  food.  For  this  purpose  the  apparatus  was 
placed  before  a  small  door  in  the  partition  separating  the  feed- 
room  from  the  experiment-room.  At  first,  the  pan  containing 
the  food,  was  placed  just  inside  the  entrance  door.  Then,  grad- 
ually, it  was  placed  farther  back  imtil  the  crows  were  required 
to  go  through  the  discrimination-chamber,  and  the  one  or  the 
other  of  the  stimulus-chambers,  into  the  exit-boxes.  After  a 
few  days,  they  did  this  with  no  apparent  fear. 

The  first  preliminary  tests  were  given  on  July  16th.  The 
crows  were  then  about  nine  weeks  old.  The  standard  stimulus 
plates  had  been  removed  from  the  stimulus  shifter,  leaving 
square  openings,  12  cm.  by  12  cm.  Opal  flashed  glasses  were 
placed  in  the  slides  immediately  before  these  openings,  so  the 
illimiination  of  the  two  chambers  was  the  same. 

The  apparatus  was  adjusted  with  the  entrance-box  before  the 
small  door  in  the  partition  between  the  feed-room  and  the  ex- 
periment-room. When  one  of  the  crows  had  entered  this  box 
to  get  the  bit  of  food  placed  therein,  both  doors  were  closed 
and  the  entrance-box  was  then  placed  before  the  entrance  to 
the  discrimination-chamber.  The  door  leading  to  the  discrimi- 
nation-chamber next  was  opened  and  the  crow  allowed  to  enter. 
The  exit  doors  being  open  the  crow  could  proceed  to  one  of  the 
exit-boxes  and  obtain  food.  The  exit  and  entrance-boxes  were 
now  exchanged  and  the  crow  given  another  trial. 

Both  crows  were  much  frightened  by  being  confined  in  the 
entrance  and  exit-boxes.  After  two  days,  with  nine  such  trials, 
they  became  somewhat  calmer  during  the  experiments.  The 
exit  doors  were  now  closed  and  the  crows  allowed  to  enter  the 
discrimination-chamber,  go  to  one  of  the  stimulus-chambers  arid 
there  wait  imtil  the  exit  door  was  opened.  This  new  situation, 
especially  the  opening  of  the  exit  door,  frightened  them  as  much 
as  being  shut  in  the  entrance  or  exit-boxes  had  at  the  beginning. 
In  the  first  trial  they  could  not  be  induced  to  enter  the  discrim* 
ination-chamber  until  the  exit  doors  were  opened  as  before. 
However,  after  eight  trials  with  the  doors  closed,  they  had  lost 
much  of  their  fear.  In  these  seventeen  trials,  Ntmiber  1  went 
eleven  times  to  the  right  and  six  times  to  the  left.  Ntmiber  2 
went  every  time  to  the  right. 
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When  the  crow  chose  the  correct  path,  it  was  always  rewarded 
with  a  bit  of  food, — a  small  piece  of  mouse,  frog,  or  other  meat. 
If  it  chose  incorrectly,  it  received  no  food  and  was  required  to 
remain  three  or  four  minutes  in  the  exit-box,  which  had  been 
previously  darkened  by  a  cloth  thrown  over  the  wire  side.  The 
dislike  of  crows  to  remain  in  a  darkened  chamber  was  utilized 
also  by  the  gradual  darkening  of  the  entrance-box  when  the 
crows  hesitated  too  long  before  entering  the  discrimination- 
chamber  at  the  beginning  of  a  test.  This  never  failed  to  cause 
them  to  leave  immediately.  There  were,  therefore,  at  least  two 
motives  for  correct  choice,  namely,  the  desire  for  food  and  the 
dislike  of  the  darkened  box.  The  latter  can  be  considered  a 
constant  factor,  for  they  reacted  to  the  darkened  box  as  strongly 
at  the  end  of  the  summer  as  they  did  at  the  beginning. 

Care  was  taken  throughout  the  experiments  to  keep  the  fac- 
tor of  hunger  constant.  It  was  impossible  to  do  this  at  all  times, 
and  it  is  highly  probable  that  the  results  in  many  cases  were 
materially  affected  by  the  change  in  this  factor. 

In  the  beginning,  two  series  of  five  tests  each  were  given  per 
day.  The  times  for  the  beginning  of  these  series  varied  slightly, 
but  as  a  rule  they  were  7 :30  A.  M.  and  1 :00  P.  M.  The  crows, 
with  this  number  of  tests,  would  still  be  hungry  at  the  end  of 
the  series,  so  the  number  of  tests  per  series  was  raised  to  ten 
and  the  amount  of  food  given  at  the  end  of  each  correct  choice 
was  lessened.  It  soon  became  apparent  that  the  crow,  in  this 
case,  was  confined  too  long.  After  the  seventh  or  eighth  test, 
it  usually  busied  itself  more  with  getting  out  of  the  apparatus 
than  with  choosing  the  correct  path  in  order  to  get  food.  On 
this  account,  three  series,  (7:30  A.  M.,  12:00  M.  and  4:00  P.  M.), 
of  eight  tests  each  were  given  per  day.  Finally  the  number  of 
trials  in  each  series  was  changed  to  five,  and  this  seemed  to  be 
the  best  solution  of  the  problem,  as  the  crows  were  sufficiently 
hungry  three  times  a  day  to  be  eager  to  get  food.  In  the  majors 
ity  of  cases,  they  were  still  hungry  at  the  end  of  a  series.  The 
time  required  for  the  five  tests  was  rarely  over  ten  minutes, 
and  the  crows,  as  a  rule,  did  not  become  restless  in  this  time. 

As  a  rule,  one  crow  was  given  all  the  trials  of  a  series  befom 
the  other  was  caught.  In  a  few  series,  the  crows  were  given 
alternate  tests.  This  was  not  conducive  to  the  best  results,  for 
the  crow,  waiting  in  the  entrance-box  until  the  other  completed 
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the  test,  would  become  so  restless  that  in  many  cases  it  would 
begin  to  throw  itself  against  the  woven  wire  side  of  the  box. 
By  the  time  its  tiun  came,  the  desire  to  escape  from  the  box 
had  entirely  overcome  the  desire  for  food,  and,  as  a  result,  it 
would  rush  through  the  test  and  recommence  its  struggle  to 
free  itself.  If,  by  chance,  it  made  a  correct  choice,  the  food 
would  not  be  noticed. 

The  results  of  each  series  of  tests  were  kept  on  record  sheets 
similar  to  those  used  by  H.  C.  Bingham  •  in  his  study  of  the 
perception  of  size  and  form  in  the  chick.  In  addition  to  a 
record  of  the  correct  and  incorrect  choices,  the  time  required 
for  the  choice  and  a  sketch  of  the  path  of  the  crow  were  also 
recorded. 

In  the  study  of  brightness  perception,  the  apparatus  remained 
as  in  the  preliminary  series  except  that  the  stimulus  areas  of 
the  stimulus-chambers  differed  in  intensity.  This  difference 
was  obtained  by  the  use  of  more  or  less  opaque  substances, 
namely,  black  cardboard,  milk  glasses,  and  paper.  These  were 
placed  over  the  opal  flashed  glass  of  one  of  the  stimulus  areas. 
The  slides,  which  held  the  plates  of  opal  flashed  glass  before 
the  stimulus  areas,  were  large  enough  to  admit  also  the  card- 
board, milk  glasses,  or' sheets  of  paper. 

Black  cardboard  was  first  used.  Since  it  allowed  no  light  to 
pass,  the  illtmiination  of  the  stimulus  area  before  which  it  was 
placed  was  practically  zero.  The  crows,  in  the  trial  series,  had 
become  partially  accustomed  to  stimulus  areas  of  an  intensity 
produced  by  light  passing  through  but  one  thickness  of  opal 
flashed  glass.  Consequently  in  the  brightness  experiments,  they 
avoided  the  darkened  chamber.  The  chambers  were  darkened 
in  no  regular  order,  but  in  ten  or  twenty  tests,  one  chamber 
would  be  darkened  as  many  times  as  the  other. 

After  fifteen  tests  with  eadi  crow,  the  cardboard  was  ex- 
changed for  two  milk  glasses,  then  later  for  one  milk  glass  and 
finally  for  one  sheet  of  paper.  The  difference  in  the  intensity 
of  the  two  areas  in  this  last  case  was  comparatively  slight.  Witi 
care  it  could  be  distinguished  by  the  human  eye. 

Table  1  shows  the  results  of  tiiese  tests. 


•  Bizigham,  H.  C.    Size  and  Form  Perception  in  CaUus  damesticus,    Jimr.  of 
Anima  Behavior,  1913,  vol.  3,  na  2,  n>.  65-113. 
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TABLE  1 

Intensity  Discrimination 

Correct  choices 
Date  No.  of  tests        Crow  No.  1        Crow  No.  2 

Conditions  of  Discrimination 

Cardboard  and  opal  flashed  glass — Opal  flashed  glass 

July  19  5  5  5 

"     19  5  4  5 

"     20  5  5  5 

Two  milk  glasses  and  opal  flashed  glass — Opal  flashed  glass 

July  21  5  5  5 

«     21  5  5  5 

«     22  5  4  5 

One  milk  glass  and  opal  flashed  glass — Opal  flashed  glass 

5  2 

3  3 

4  4 

4  4 

5  4 

3  4 

4  5 

5  5 

4  5 

5  5. 
5                         4 

One  sheet  of  paper  and  opal  flashed  glass — Opal  flashed  glass 

July  29  5  4  3 

"     30  5  5  3 

«     30  5  5  3 

"     31  5  5  3 

"     31  5  5  4 

Aug.    15  5  4 

"       15  5  5 

These  results  are  but  roughly  indicative  of  the  crows'  ability 
to  distinguish  differences  in  illumination.  Accurate  measure- 
ments of  the  birds'  visual  acuity  was  not  the  aim  of  our  ex- 
periments. 

The  chief  value  of  these  experiments  on  the  discrimination  of 
intensity  is  the  demonstration  of  the  ease  with  which  the  crow 
is  able  to  adapt  itself  to  experimental  conditions  and  to  solve 
accurately  one  variety  of  problem. 

With  the  beginning  of  the  experiments  on  size  discrimination, 
the  apparatus  was  so  shifted  that  the  front  end  was  immediately 
before  a  large  south  window.  In  this  position  it  remained  dur- 
ing the  season.    The  only  other  change  was  the  insertion  df  the 


July  22 

5 

"  23 

5 

«  23 

5 

«  24 

5 

«  24 

5 

"  25 

5 

"  25 

5 

«  26 

5 

«  27 

5 

«  28 

5 

«  28 

5 
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standard  stimtilus  plates  in  the  stimulus  shifter.  Difference  in 
the  illumination  of  the  stimtdus  areas  was  eliminated. 

A  5  centimeter  »  circle  versus  a  2  centimeter  »  circle  was 
chosen  for  the  beginning  of  this  study.  The  correct  exit  was 
indicated  by  the  larger  circle. 

This  change  in  the  conditions  of  discrimination  naturally 
threw  the  crows  into  confusion.  They  refused  to  enter  the  dis- 
crimination-chamber imless  forced  to  do  so  by  the  darkening 
of  the  entrance-box.  If  this  were  done,  they  would  pass  to  and 
fro  before  the  two  stimulus-chambers,  but  they  would  not  enter 
far  enough  into  either  of  them  for  the  exit  doors  to  be  opened. 
The  series  of  the  first  two  days  had  to  be  interrupted  on  account 
of  the  crows'  fright.  On  the  third  day  no  attempt  was  made  to 
work.  During  the  day  the  crows  were  fed  somewhat  less  than 
the  usual  amount  of  food.  The  next  morning  (August  5th), 
they  were  tried  with  a  9  centimeter  circle  versus  a  5  centimeter 
circle.  By  this  change  the  illumination  of  the  stimulus-cham- 
bers was  made  to  approximate  that  to  which  the  crows  had 
become  accustomed  in  the  experiments  on  the  discrimination 
of  intensity.  Their  htmger,  on  this  day,  was  great  enough  to 
overcome  in  large  measure  their  fright.  The  results  of  this, 
and  the  remaining  series  on  size  discrimination  are  given  in 
Table  2. 

After  one  series  with  the  9  centimeter  versus  the  5  centimeter 
circle,  a  2  centimeter  circle  was  substituted  for  the  5  centimeter 
circle.  The  crows*  behavior  now  became  practically  normal. 
The  only  significant  difference  from  previous  reactions  was  a 
greater  hesitation  in  choosing.  Before  finally  entering  a  cham- 
ber, they  would  often  pass  to  and  fro  several  times  before  the 
two  stimulus-chambers,  again  and  again  starting  to  enter  one 
chamber  only  to  back  out  and  go  to  the  other.  As  appears  in 
the  table,  crow  no.  1  made  twenty  correct  choices  in  succes- 
sion, while  crow  no.  2  succeeded  in  choosing  correctly  eighteen 
times  in  twenty.  This  sudden  retimi  of  calm  and  controlled 
reaction  and  the  high  percentage  of  correct  choices,  were  due 
probably  to  the  fact  that  the  illumination  of  the  stimulus- 
chambers  through  the  9  centimeter  and  the  2  centimeter  circles 
was  closely  similar  to  that  in  the  experiments  on  intensity 
discrimination. 


'  Stimulus  plates  will  be  designated  by  the  diameter  or  the  side. 
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It  seems  probable  that  the  birds  were  simply  choosing  the 
more  highly  iUimiinated  stimulus-chamber,  which,  in  every  case, 
was  also  the  one  presenting  the  larger  stimulus  area.  That  they 
did  not  continue  to  use  this  cue  is  proved  by  experiments  in 
which  the  large  stimulus  area,  and  irregularly  the  small  one 
also,  were  darkened  by  placing  one  thickness  of  milk  glass  over 
the  opal  flashed  glass.  This  enabled  the  experimenter  in  some 
tests  to  present  two  stimulus  areas  differing  in  size  and  intensity 
of  illumination.  Now  the  chamber  illuminated  by  the  larger 
circular  area  was  the  more  intense,  and  now  the  one  illuminated 
by  the  smaller  area.  Had  the  crows  attempted  to  depend  upon 
the  illumination  of  the  chambers,  or  on  the  relative  intensities 
of  the  stimulus  areas,  instead  of  on  their  size,  they  certainly 
would  have  been  confused.  As  a  matter  of  fact,  the  change 
influenced  markedly  neither  their  behavior  nor  their  perceatage 
of  correct  choices. 

The  experiments  on  the  perception  of  size  were  continued 
for  twenty-five  days.    The  results  (Table  2)  show  that  the  crows 

TABLE  2 

Perception  of  Size 

Correct  choices 
Date  No.  of  tests        Crow  No.  1  Crow  No.  2*  - 

Conditions  of  Discrimination 

5  centimeter — 2  centimeter  circle 

Aug.    2        Crows  frightened.    Abandoned  series. 
"      3        Crows  frightened.    Abandoned  series. 

9  centimeter — 5  centimeter  circle 
Aug.    5  5  3  4 


9  centimeter — 2  centimeter  circle 

Aug. 

6 

10 

10 

8 

u 

6 

10 

10 
5  centimeter — 2  centimeter  ci  cle 

10 

Aug. 

7 

10 

10 

10 

u 

7 

10 

9 

10 

u 

8 

10 

9 

9 

u 

8 

10 

7 

10 

u 

9 

10 

5 

9 

u 

9 

10 

10 
5  centimeter — ^3  centimeter  circle 

9 

Aug. 

10 

10 

8 

9 

ik 

11 

10 

8 

7 

ik 

11 

10 

9 

10 
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TABLE  Z—Canimmd 

■ 

Conact  choiQes 
Date  No.  of  tests       Crow  No.  1  Ox>w  No.  2 


3  centimeter- 

-2  centimeter  drde 

Aug.  12 

10 

9 

7 

^  13 

8 

4 

4 

«     13 

10 

6 

7 

«     13 

8 

8 

5 

«     14 

8 

6 

6 

«     15 

7 

6 

6 

«     15 

9 

7 

8 

«     15 

8 

5 

5 

«     16 

8 

7 

5 

«     16 

8 

8 

8    . 

«     16 

8 

6 

5 

a       17 

8 

6 

4 

5  centiHieter— 3  centimeter  drde 

Aug.  17 

8 

8 

6 

«     18 

8 

8 

8 

«     19 

5 

3 

3  (Left  halnt) 

«     19 

6 

4 

6 

«     20 

10 

4  (Left  habit) 

8 

«     20 

10 

8 

9 

«     20 

10 

7 

10 

«     21 

10 

9 

10 

«     21 

10 

5  (Left  habit) 

9 

«     21 

5 

3 

5 

«     22 

8 

7 

7 

6  centimeter— 3  centimeter  drde 
Aug.  22  8  8  7 

« 

5  centimeter— 3  centimeter  drde 

Aug.  22  8  6  8 

""    23  8  3(Leftbabit)  8 

"23  8  6  7            . 

«     24  10  9  6 

«     24  10  10  9 

«     25  10  9  9             ^ 

«     25  10  9  9 

improved  surprisingly  little  with  practice.  The  percentage  of 
correct  choices  with  the  5  centimeter  versus  the  3  centmiieter 
circle  was  as  low  during  the  last  few  days  of  the  training  as  it 
was  on  August  10th  and  11th  when  they  were  first  required  to 
distinguish  between  these  circles. 

Throughout  these  experiments,  the  behavior  of  the  crows 
while  working  was  very  erratic.  Some  days  they  worked  slowly 
and  careftilly.  Sudden  noises,  such  as  those  caused  by  the 
opening  or  closing  of  an  entrance  or  exit  door,  did  not  greatly 
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disturb  them.  The  results  on  these  days  of  cahn  steadiness, 
as  a  rule,  showed  an  increase  in  the  number  of  correct  choices. 
On  other  days,  their  behavior  would  be  practically  the  opposite. 
While  still  in  the  entrance-box  they  would  walk  impatiently  to 
and  fro  before  the  woven  wire  side  of  the  box.  When  the  en- 
trance door  was  opened,  they  would  often  start  several  times 
to  enter  only  to  turn  back  into  the  entrance-box.  When  they 
finally  did  enter,  they  would  rush  to  one  of  the  exit  doors,  and, 
in  a  crouching  attitude,  wait  until  it  was  opened.  On  these 
days,  great  care  had  to  be  taken  in  opening  and  closing  the 
doors  for  an  unusual  noise  or  sudden  movement  would  greatly 
increase  their  excitement.  During  this  behavior  they  were  very 
likely  to  develop  a  position  habit.  Series,  in  which  this  excited 
behavior  resulted  in  a  considerable  number  of  incorrect  choices, 
have  been  noted  in  the  tables. 

The  ability  of  the  crow  to  pass  directly  from  one  set  of  cir- 
cles to  another  with  no  great  difference  in  the  number  of  cor- 
rect choices  (see  Table  2),  was  further  tested  by  a  series  of 
experiments,  the  results  of  which  appear  in  Table  3. 

In  these  experiments,  the  attempt  was  made  to  determine 
whether  the  crows  were  reacting  to  a  certain  specific  stimulus, 
or  whether  they  were  reacting  to  it  because  of  its  relation  to 
another  stimulus.  For  instance,  if  the  6  centimeter  and  the  4 
centimeter  circles  were  presented,  and  the  crow  trained  to  react 
positively  to  the  6  centimeter  circle,  wotild  it  continue  to  do 
so  when  the  6  centimeter  circle  was  presented  with  a  9  centi- 
meter circle,  or  would  it,  instead,  choose  the  larger  area  in  each 
instance? 

As  in  the  preceding  series  the  crows  were  trained  to  choose 
the  larger  of  two  circles.  When  they  had  gained  the  ability  to 
choose  correctly,  they  were  given  ten  trials  with  a  different  pair 
of  circles.  During  these  ten  trials,  they  were  rewarded  after 
each  test,  regardless  of  the  correctness  or  incorrectness  of  the 
reaction.  A  reaction  was  considered  correct  if  the  crow  choee 
the  larger  circle.  These  series  are  designated,  in  Table  3,  "  rela- 
tive reactions.**  The  training  series  which  preceded  the  relative 
series  of  August  26th  are  given  in  Table  2. 

The  results  of  these  experiments  indicate  fairly  clearly  the 
relativity  of  the  crows'  reactions.  Especially  is  this  true  of 
crow  no.  1.    For  example,  on  August  24th  and  2Sth,  when  the 
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3  centimeter  circle  was  presented  with  the  S  centimeter  circle, 
the  crow  reacted  to  the  3  centimeter  circle  thirty-seven  times 
negatively  and  three  times  positively.  On  August  26th,  the  3 
centimeter  circle,  displayed  with  the  2  centimeter  circle,  was 
reacted  to  positively  in  every  case.  The  results  for  crow  no.  1 
with  the  6  centimeter  circle  when  displayed  with  the  4  centi- 
meter and  the  9  centimeter  circles,  on  August  26th  and  27th, 
were  almost  as  decisive. 

TABLE  3 

Reactions  to  Relative  Sizes  of  Circles 

Correct  chcHces 
Date         No.  of  tests       Crow  No.  1       Crow  No.  2 

Relative  reactions,  3  centiineter-'2  centimeter  circle 

Aug.  26  5  5  5 

«     26  5  5  3 

Training  series,  6  centimeter — 4  centimeter  drde 
Aug.  26  10  7  9 

Relative  reacticms,  9  centimeter— 6  centimeter  drcl 

Aug.  27  5  4  2 

«     27  5  5  3 

Training  series,  6  centimeter — 4  centimeter  drde 

Aug.  27  8  2  5 

«     28  10  6  8 

'^     28  8  5  3  (Rifi^:  habit) 

«     29  5  4  4 

«     29  5  4  3 

«     29  6  5  5 

Relative  reaction^  3  centimeter— -2  centimeter  drde 

Aug.  30  5  5  2 

«     30  5  5  4 

Training  series,  6  centimeter— 4  centimeter  drde  — - . . 

Aug.  30  5  5  2 

Relative  reactions,  9  centimeter— 6  centimeter  drde 

Aug.  31  5  2  4 

«    31  5  4  3 

Only  one  day  intervened  between  the  concltision  of  the  tests 
of  the  relativity  of  the  reactions  and  the  beginning  of  experi- 
ments to  determine  the  ability  of  the  crow  to  distinguish  circles 
from  triangles,  squares  and  hexagons. 

With  the  beginning  of  this  study  of  form  perception  the 
experimenter  became  more  convinced  than  ever  that  the  results, 
obtained  in  the  previous  exx)eriments,  did  not  truly  indicate  the 
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crows*  intelligence.  A  new  form  of  reaction  now  developed. 
When  either  of  the  crows  had  made  an  incorrect  choice  and  the 
exit  door  was  opened,  showing  a  dark  exit-box,  instead  of  enter- 
ing as  they  hitherto  had  done,  they  would  whirl  about  and 
quickly  go  to  the  other  exit  and  there  wait,  even  for  five  or  ten 
minutes,  imtil  the  door  was  opened.  This  behavior  naturally 
tended  to  lower  the  percentage  of  correct  choices. 

The  experimenter  first  tried  to  overcome  this  difficulty  by 
having  the  exit-box  illuminated  until  they  had  entered  it.  Crow 
no.  2  would  always  enter  the  box  under  these  conditions,  but 
crow  no.  1,  after  a  few  trials,  refused  to  enter  either  box  unless 
there  was  a  bit  of  food  in  view. 

To  meet  this  difficulty,  the  gates,  described  on  page  188,  were 
constructed.  When  the  crow  entered  the  wrong  stimulus- 
chamber,  the  exit  door  was  opened  and  at  the  same  moment 
the  gate  between  that  chamber  and  the  discrimination-chamber 
was  dropped,  thus  preventing  the  crow  from  escaping  to  the 
other  exit.  The  dropping  of  the  gate  tended  to  frighten  them 
somewhat,  so  they  always  quickly  entered  the  exit-box,  which 
was  again  darkened  as  in  the  early  experiments.  The  effect 
of  this  improvement  in  the  apparatus  on  the  behavior  of  the 
crows  appears  in  the  results  of  Table  4. 

The  crows  had  been  given  one  htmdred  and  six  tests  for  their 
ability  to  distinguish  a  6  centimeter  circle  from  an  8.081  centi- 
meter triangle.  During  these  trials  no  appreciable  increase  in 
the  percentage  of  correct  choices  had  been  made.  Immediately 
after  the  gates  were  brought  into  use,  improvement  conunenced 
and  thereafter  the  majority  of  the  choices  were  correct.  Crow 
no.  2  did  not  make  quite  as  high  a  percentage  of  correct  reac- 
tions as  did  crow  no.  1.  This  was  probably  because  no.  2  seemed 
to  be  more  frightened  by  the  dropping  of  the  gate.  If  an  incor- 
rect choice  was  made  early  in  a  series,  there  was  a  tendency, 
on  the  part  of  no.  2,  to  avoid  that  stimulus-chamber  during  the 
remainder  of  that  series. 

The  6  centimeter  circle,  the  8.081  centimeter  triangle,  the 
5.317  centimeter  square,  and  the  3.29  centimeter  hexagon  are 
of  equal  area.  The  last  thirty  tests  were  with  figures  unequal 
in  size.  The  6  centimeter  and  the  9  centimeter  circles  each 
possess  a  greater  area  than  the  3  centimeter  hexagon,  whose  area. 
in  tuni,  is  almost  twice  as  great  as  that  of  the  3  centimeter  ch 
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TABLE  4 
Discrimination  op  Form 


Correct  choices 

Date 

No.  of  tests 

CrowNal 

'CrowNa2 

Conditiins 

( of  Discriminatioii 

6  centimeter  circle— 8.0S1  centimeter  triangfe 

Sept    2 

6 
5 

5 

4 

3 
3 

«       3 

5 

3 

4 

3 

5 

4 

3 

3 

5 

4 

3 

4 

5 

4 

2 

u             .. 

5 

5 

2 

«    4-8 

45 

39 

32 

a          3- 

5 

5 

2  (Rifi^t  habit) 

8 

5 

3 

4 

9 

5 

3 

4 

9 

5 

3 

5 

«      10 

5 

3 

KLefth^t) 

«      10 

5  (Began  using 

gates)         3 

5 

«      11 

5 

5 

4 

«      11 

5 

5 

5 

"      11 

5 

3 

5 

«      12 

5 

5 

4 

«      12 

5 

sr 

5 

«      12 

5 

5 

5 

Sept.  13 


6  centimeter  circle— 8.081  centimeter  triangle  (Inverted) 


Sept. 

13 

u 

13 

u 

14 

u 

15 

Sept. 

15 

tt 

15 

tt 

16 

6  centimeter  circle — ^5.317  centimeter  square 

5  5  5 

5  5  5 

5  5  3  (Left  habit) 

5  5  5 

6  centimeter  circle — 4.243  centimeter  square 

5  5  5 

5  4  5 

5  5  5 

6  centimeter  drde— 3.29  centimeter  hexagon 
Sept.  16  5  4  4 

6  centimeter  circle — 3.Q0  centimeter  hexagon 

Sept.  16  5  5  5 

*      17  5  5  4 

3  centimeter  circle— 3.(X)  centimeter  hexagon 

Sept  17  5  5  3 

^      18  5  5  2  (Left  habit) 

9  centimeter  circle— 3.(X)  centimeter  hexagon 

Sept.  18  5  5  4 

«      18  5  5  5 
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The  intensities  of  the  stimtilus  areas  and  the  general  illumi- 
nation of  the  chambers  were  varied  in  these  tests  by  the  use 
of  milk  glasses  as  described  on  page  194.  The  only  visual  factor 
which  was  constant  during  the  thirty  trials,  was  that  of  fonn. 
It  is  evident,  therefore,  that  this  was  the  cue  which  enabled 
crow  no.  1  to  make  a  perfect  record  in  these  series. 

Lack  of  time  prevented  further  work  on  the  perception  of 
form.  The  last  two  days  of  work  were  devoted  to  a  further 
study  of  size  discrimination.  The  purpose  was  to  obtain,  if 
possible,  more  conclusive  evidence  of  the  crows'  ability  to  dis- 
tinguish sizes,  and,  incidentally,  to  learn  if  the  improvement  in 
the  method  (introduction  of  gates)  would  increase  the  i)ercentage 
of  correct  reactions  to  differences  in  size. 

Thirty  tests  were  given,  the  results  of  which  appear  in  Table 
5.  During  the  first  series,  the  crows  appeared  to  be  confused 
by  the  sudden  change  in  the  problem  presented  to  them.  They 
worked  rather  slowly  and  quietly,  but  their  choices  were  not 
made  with  the  usual  definiteness.  It  was  evident  that  they 
(especially  crow  no.  1),  'did  not  clearly  appreciate  what  was 
required  of  them. 

TABLE  5 

Discrimination  of  Size 

Correct  choices 
Date  No.  of  tests       Crow  No.  1       Crow  No.  2 

Conditions  of  Discrimination 

5  centimeter — ^3  centimeter  circle 

Sept.  19  10  4  7 

«      19  5  5  4 

5  centimeter — 4  centimeter  circle 
Sept.  19  5  5  5 

5  centimeter — 4.5  centimeter  circle 

Sept.  20  5  4  4 

"      20  5  5  5 

In  the  second  series,  the  indefiniteness  and  hesitation  in 
their  behavior  were  lacking.  In  every  case  no.  1  went  quickly 
and  directly  to  the  correct  exit.  Crow  no.  2  made  a  mistake 
in  the  first  test.  Its  decisions,  however,  were  made  clearly  and 
definitely  thereafter.  This  clear-cut,  decisive  type  of  reaction 
continued,  with  both  crows,  during  the  remaining  tests,  even 
when  the  discrimination  was  between  the  5  centimeter  and  the 
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4.5  centimeter  circles.  If  quickness  of  choice  can  be  taken  as 
a  measure  of  the  ease  of  discrimination,  it  is  probable  that  the 
crows  are  capable  of  distinguishing  much  smaller  differences. 

The  crow  deserves  its  reputation.  It  is  an  exceptionally 
interesting  subject  for  the  behaviorist  and  worthy  of  his  greatest 
skill.  As  has  been  indicated  earlier  in  this  report,  it  is  planned 
to  observe  systematically  crows  at  the  Franklin  Field  Sta- 
tion, both  in  the  field  and  in  the  laboratory,  in  order  that  a 
reasonably  complete  and  reliable  description  of  their  behavior 
may  be  given.  Because  of  the  division  of  labor  among  a  number 
of  observers,  it  will  be  necessary  to  publish  reports  from  season 
to  season  instead  of  reserving  all  materials  for  a  monograph. 
The  present  paper  is  indicative  of  some  of  the  chief  character- 
istics of  the  bird,  and  suggestive  of  experimental  difiSculties. 
Another  season  shotild  prepare  us  to  report  on  the  habits,  in- 
stincts, and  development. 


i, 


PRELIMINARIES  TO  A  STUDY  OF  COLOR  VISION 
IN  THE  RING-DOVE  TURTUR  RISORJUS^ 

ROBERT  M.  YERKES 

Assisted  by  A.  M.  EISENBERG 

From  the  Harvard  Psychological  Laboratory 

At  the  present  moment  a  thorough  study  of  the  visual  reac- 
tions of  a  few  types  of  birds  and  mammals  is  highly  desirable. 
This  paper  presents  an  account  of  observations  on  the  reactions 
of  the  ring-dove  in  the  Watson- Yerkes  color  vision  apparatus. 
The  ring-dove  was  chosen  as  a  subject  because  of  its  easy  adap- 
tation to  laboratory  conditions  and  its  convenient  size.  It  was 
hoped  that  it  might  prove  an  ideal  bird  for  the  intensive  study 
of  vision. 

As  a  preparation  for  the  study  of  color  discrimination,  the 
limits  of  the  spectrum,  and  the  stimulating  values  of  various 
wave-lengths,  observations  were  first  made  on  the  response  of 
the  bird  to  achromatic  stimuli.  The  apparatus  used  throughout 
the  preliminary  work  here  reported  was  the  Watson- Yerkes 
spectral  color  vision  device,  as  described  in  volume  one  of  the 
Behavior  Monographs.  ^  A  Bausch  and  Lomb  automatic  arc 
lamp  was  used  as  a  source  of  light,  and  a  selenium  cell,  as  de- 
scribed in  the  monograph  (pp.  79-81)  served  as  a  means  of 
measuring  the  energy  of  the  stimuli  employed.  For  the  simple 
reaction-box  shown  as  W  in  figure  7  of  the  monograph,  the 
box  represented  in  figure  1  of  this  paper  was  substituted,  and 
instead  of  having  two  reflecting  surfaces,  M  and  L  of  figure  7 
above  referred  to,  fixed  on  the  experiment-box  and  moving 
laterally  with  it,  three  reflecting  surfaces  were  employed.  These 
remained  fixed  while  the  experiment-box  moved  sufficiently  to 
reverse  the  position  of  the  two  photic  stimuli. 

^  This  work  has  been  made  possible  by  a  grant  from  the  Bache  Fund  of  the 
National  Academy  of  Arts  and  Sciences,  which  enabled  the  author  to  complete 
the  construction  of  a  spectral  apparatus  and  install  a  selenium  cell  outtit  to 
measure  chromatic  stimuli.  Grateful  acknowledgment  is  made  to  the  trustees 
of  the  Fund  and  to  the  Committee  in  charge,  for  the  facilitation  of  this  research. 

'Yerkes,  Robert  M.,  and  Watson,  John  B.  Methods  of  studying  vision  in 
animals.     Behavior  Monographs,  1911,  vol.  1. 
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The  general  apparatus  need  not  be  redescribed  in  detail.  The 
reader  who  is  unfamiliar  with  it  is  referred  to  the  above-men- 
tioned monograph  and  to  Watson's  more  recent  book.*  In 
brief,  it  consists  of  a  source  of  light  which,  by  means  of  a  system 
of  lenses,  prisms,  and  slits,  is  made  to  supply  chromatic  stimuli 
in  any  desired  quality  or  intensity.  Two  stimuli  are  presented 
to  the  subject  simultaneously.  The  position  of  these  stimuli 
may  be  reversed  at  the  will  of  the  experimenter.  The  subject 
is  required  to  distinguish  the  stimuli  and  react  differently  to 
the  two. 

Assuming,  now,  that  the  reader  has  a  general  knowledge  of 
the  mechanism  by  which  the  chromatic  stimuli  are  obtained, 
controlled,  and  measured,  we  may  consider  our  method  of  pro- 
cedure in  its  relations  to  the  reaction-box  of  figure  1,  This 
consists  of  an  entrance  chamber  (A)  in  which,  at  the  beginning 
of  a  series  of  observations,  the  subject  is  placed  by  the  experi- 
menter, and  from  which  it  passes,  when  the  door  (D)  is  raised, 
into  compartment  B,  which  may  be  designated  the  discrimina- 
tion compartment.  A  sliding  partition  (M)  enables  the  experi- 
menter to  avoid  delay  because  of  the  unwillingness  of  the  subject 
to  enter  B,  for  by  raising  the  door  (D)  and  drawing  M  slowly 
and  steadily  backward  toward  the  rear  of  compartment  A,  the 
subject  may,  without  disturbance,  be  compelled  to  enter  the 
discrimination  compartment.  Once  in  B,  the  subject  faces  the 
two  stimuli  S,  S.  These  are  presented  either  with  or  without 
general  overhead  illumination,  and  they  appear  as  illuminated 
surfaces,  either  chromatic  or  achromatic,  7  cm.  long  by  1.8 
cm.  wide.  These  two  stimuli  are  separated  by  the  partition 
P,  of  figure  1. 

On  the  floor  of  each  stimulus-box,  E,  are  electrodes  by  means 
of  which  electric  shocks  may  be  given  as  punishment  for  failures 
to  distinguish  and  properly  to  react  to  the  two  stimuli.  The 
doors  F,  F,  leading  from  the  stimulus  compartments  into  the 
alleys  G,  G,  may  be  raised  by  the  experimenter  by  means  of 
the  cords  shown  in  the  figure.  When  the  subject  enters  the 
compartment  which  contains  the  stimulus  selected  by  the  ex- 
])crimcnter  as  the  positive  stimulus,  the  appropriate  door  P  is 
immediately  raised,  the  slide-door,  H,  of  the  same  side  opened, 
and  the  subject  thus  permitted  to  pass  by  way  of  the  alley  G, 

•  Watson.  J.  B.     Behavior.     New  York,  1914.  p.  70. 
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back  to  the  starting  point  at  A.  where  is  it  allowed  to  feed  for 
a  definite  interval.  In  case,  however,  the  subject  enters  the 
other  compartment,  it  is  not  allowed  to  pass  into  the  alley, 
but  instead,  either  with  or  without  the  use  of  the  electric  shock, 
according  to  the  experimenter's  previous  decision,  it  is  required 
to  retrace  its  steps  and  again  attempt  to  distinguish  the  stim- 


Fic.  1.  Reaction-bo\  for  Ring-doves.  A,  entrance  chamber;  B.  discriminatioo 
compartment;  D,  scri-en-door;  M,  sliding  partition  movine  in  A  and  B;  E,  E, 
stimulus  compartments;  P,  partition  between  E  and  E;  F,  F,  doors  between 
stimulus  compartments  and  alleys  G,  G,:  H,  H.  slide-doors  between  G  and  A; 
I,  I,  pulleys  tor  cords  attached  to  F,  F;  S.  S,  stimulus  apertures. 

ulus  which  demands  positive  reaction  from  that  which  demands 
negative  reaction. 

In  the  case  of  the  observations  about  to  be  described,  achro- 
matic stimuli  were  obtained  by  placing  a  two  candle  power 
carbon  incandescent  lamp  86  cm.  from  the  stimulus  area.     Thus, 
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the  one  of  the  stimulus  areas  presented  to  the  subject  was  always 
illuminated,  whereas  the  other  was  entirely  tmiUuxninated,  except 
as  general  illumination  was  employed  in  the  experiments*  Nature 
ally,  as-  the  experiment-box  was  shifted  from  side  to  side,  tlie 
more  intense  achromatic  stimulus  was  presented  now  m  tlie 
stimulus  compartment  on  the  right  of  the  subject,  now  in  tlie 
one  on  the  left. 

The  writer  is  convinced  that  wherever  possible  t 
ference  of  the  experimenter  in  the  course  of  an  animal's : 
shotild  be  obviated  by  the  use  of  automatic  or  subject 
devices.    It  was  not  feasible,  however,  in  the  present  ix 
tion,  to  introduce  such  devices, — consequently  the 
slide-doors,  as  shown  in  figure  1.    These,  it  should  i  , 

proved  surprisingly  satisfactory  in  the  case  of  the  lii 
which  is  easily  startled  and  which  would  not  react 
subject-acttiated  apparatus  unless  everything  could  be  i 
work  steadily,  quietly,  and  fairly  slowly.    It  is,  he     jver, 
question  that  our  efforts  in  studies  of  behavior      uoi 
eliminate,  as  far  as  possible,  the  necessity,  dtiring  t      c 
reaction,   of  movements  by  the  experimenter  whicb  * 
modify  the  behavior  of  the  subject.    It  has  repeatedly 
that  even  the  experienced  investigator  is  liable,  unc 
to  supply  cues  to  his  subject  which  fadlitate  pro 
or  even  serve  as  the  sole  basis  for  what  appears  to 
nation. 

The  birds  used  for  the  present  work  were  obtai 
Boston  dealer.    All  that  could  be  learned  about  them 
they  were  yotmg     We  are  therefore  under  the  c 
of  being    tmable    to    give    a    satisfactory    descripi 
obviously  desirable  in  all  such  investigations  that  t 
and  exact  age,  as  well  as  the  sex  and  history  of  <      3 
should  be  known.    But  this  is  somewhat  less  essent 
be  admitted,  in  the  case  of  preliminary  observatio 
that  of  continuation-work.     Four  birds  were  used. 
two,  supplied  as  male  and  female  by  the  dealer,  in  r 
males,  appear  as  nimibers  1  and  2  in  this  report.    'J 
used  over  a  period  of  several  weeks  by  Mr.  A.  M.  '. 
The  others  appear  as  number  3,  a  female,  and  numb 
During  a  period  of  five  months  these  birds  were 
visual  experiment  by  the  writer.     The  results  ob 
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niunbers  1  and  2  will  be  presented  only  in  contrast  with  those 
of  numbers  3  and  4,  since  the  conditions  of  use  varied  some- 
what, and  the  experiments  conducted  by  Mr.  Eisenberg  were 
not  carried  so  far  as  those  of  the  writer.  The  descriptions  of 
general  behavior  in  this  paper  will  be  based  almost  wholly  upon 
the  observations  made  on  doves  3  and  4. 

At  the  outset,  it  was  assumed  that  the  ring-dove  would  react 
satisfactorily  in  the  discrimination  apparatus,  that  it  would 
exhibit  a  fair  degree  of  dociUty,  breed  rapidly  in  captivity,  be 
easy  to  handle,  and  endure  dose  confinement  well.  It  must 
be  admitted  that  these  assumptions  have  not  all  been  justified, 
for  the  birds  did  not  quickly  adapt  themselves  to  the  experi- 
mental situations,  and  in  dociUty  they  rank  low.  Indeed,  their 
slowness  in  acquiring  the  discrimination  habit  demanded  in  this 
work  was  a  great  surprise  to  the  writer.  He  is  now  somewhat 
uncertain  as  to  whether  it  is  desirable  to  attempt  an  intensive 
study  of  visual  response  with  a  subject  which  demands  such  a 
large  amount  of  training. 

Work  was  initiated  by  feeding  the  birds  in  the  entrance  cham- 
ber of  the  experiment-box,  with  all  of  the  doors  of  the  box  open 
so  that  the  subject  might  wander  about  at  will.  This  was  con- 
tinued for  a  week,  with  the  occasional  variation  of  opening  and 
closing  the  doors  as  the  bird  passed  from  compartment  to  com- 
partment, so  that  it  might  become  accustomed  to  the  operating 
of  the  simple  mechanisms  and  learn  the  route  from  the  entrance 
chamber,  by  way  of  the  stimtilus  chamber,  back  to  the  starting 
point. 

During  the  second  week  of  the  preliminary  observations,  the 
birds  were  sufficiently  tame  and  accustomed  to  the  apparatus 
to  work  fairly  well.  They  were  regularly  each  morning  required 
to  make  the  trip  through  the  apparatus  three  or  four  times, 
and  they  Were  rewarded  for  so  doing  with  food.  It  was  dis- 
covered that  they  would  not  make  the  trip  qtdckly  tmless  they 
were  very  hungry,  and  even  in  that  condition  their  attention 
to  the  situation  was  very  variable,  and  they  were  so  easily 
distracted  by  slight  noises  or  jars  that  the  whole  process  was  a 
very  tedious  one.  It  thus  became  apparent  that  unless  an 
additional  motive  for  discrimination  and  progress  through  the 
experiment-box  could  be  discovered,  the  work  would  be  most 
tedious.     Consequently,  at  the  beginning  of  the  third  week, 
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the  electric  shock  was  introduced  as  a  means  of  compellmg 
attention  to  the  visual  stimuli  and  of  encouraging  careful  com- 
parison and  appropriate  reaction.  Even  from  the  start,  the 
electric  stimulus  served  this  purpose  admirably.  It  at  once 
rendered  the  birds  more  alert,  careful,  attentive,  and  active. 
The  writer's  notes  record,  *'  In  two  weeks  the  doves  apparently 
have  learned  nothing,  but  to-day  as  the  result  of  four  trials 
with  electrical  stimulation,  each  seemed  to  attempt  to  discrim- 
inate between  the  light  and  the  dark  chambers. 

It  was  decided,  on  the  basis  of  the  preliminary  observations, 
that  the  doves  should  be  required  to  choose  the  lighter  rather 
than  the  darker  of  the  two  compartments. 

Number  3,  the  female,  was  at  the  outset  much  less  wild  and 
more  timid  than  number  4,  the  male.  It  was  much  easier  for 
the  experimenter  to  catch  her  in  the  living-cage  than  to  catch 
him,  but  when  in  the  experiment-box,  she  was  very  much  more 
disturbed,  excitable,  and  liable  to  discouragement  than  he.  By 
contrast,  then,  the  female  may  be  described  as  tame  and  timid. 
the  male  as  wild  and  bold.  But  it  should  be  added  that  neither 
bird  was  sufficiently  wild  to  be  difficult  to  handle. 

On  February  28th,  1914,  systematic,  regular  experiments  were 
begun,  wth  the  use  of  both  food  and  the  electric  shock.  Both 
birds  worked  well  in  the  six  trials  which  were  given.  Only  one 
bird  was  used  at  a  time,  and  it  was  given  its  trials  in  succession, 
with  from  one-half  to  one  minute  interval  for  feeding  between 
choices.  In  comment  on  this  day's  reactions,  the  writer's  notes 
state  that  "  The  use  of  the  electric  shock  discreetly  and  infre- 
quently has  transformed  the  birds  from  time-wasting  and  care- 
less sul)jects  to  active,  alert,  constantly  moving  reactors.  This 
modification  of  method  evidently  means  a  saving  of  an  immense 
amount  of  time  to  the  experimenter.  It  enables  him  to  command 
the  attention  of  his  subject  instead  of  having  to  beg  for  it  by 
the  oflfering  of  food.  Food,  however,  is  serving  an  excellent 
pur])ose  in  the  work,  for  each  bird  comes  to  its  task  hungry 
and  usually  feeds  between  trials." 

On  March  the  2nd,  the  number  of  trials  for  each  bird  was 
increased  to  ten,  and  it  was  subsequently  found  that  as  many 
as  fifteen  or  even  twenty  trials  could  be  given  in  successioa 
without   overfati^aiing  the  subjects  and  with  excellent  results. 

Table    1   ])rcscnts  two  sample  detailed  records  of  the  daily 


A  STUDY  OF  COLOE  VISION  IN  THE  RING-DOVE 


31 


trials  from  the  writer's  note-book.  The  first  portion  of  the 
table  gives  the  results  of  an  eariy  series  of  ten  choices,  those 
of  March  4th.  The  remainder  of  the  table  presents,  by  con- 
trast, the  results  of  a  later  series  of  fifteen  trials  in  which  the 
birds  were  practically  perfect  in  their  discrimination.  This  series 
was  given  on  April  19th.  The  table  indicates,  in  the  first  col- 
umn, the  position  of  the  positive  stimulus,  that  is  the  stimulus 
indicative  of  the  chamber  to  he  entered.  In  the  second  column, 
the  letters  R  and  W  designate,  respectively,  correct  and  incor- 
rect choices. 

TABLE  1 

Examples  of  Detailed  Daily  Records 

March  4,  1914,  10:10  A.  M.    With  general  illumination.     Stimulus-lamp  86  cm 
from  stimulus  area.    Coil  at  1  cm.  for  female  and  2  cm.  for  male. 


Positive 

Female,  No.  3 

Male,  No.  4 

Trial 

stimulus 

Reaction 

Remarks 

Reaction 

Remarks 

1 

Left 

W 

Shocked? 

W 

Shocked? 

2 

u 

W 

u 

W 

u 

3 

u 

W 

u 

W 

Shocked 

4 

Right 

R 

Direct 

W 

tt 

5 

Left 

W 

Shocked? 

R 

Discrimination 

6 

Right 

R 

R 

Anxious 

7 

u 

W 

R 

tt 

8 

u 

W 

Shocked 

R 

Eager 

•  9 

Left 

R 

W 

No  shock 

10 

Right 

W 

W 

Shock 

Suininary: 

4  R:6  R 

4  R:6  W 

April  19,  1914,  9:50  A.  M.    With  general  illumination.    Stimulus-lamp  126  cm. 
from  stimulus  area.     Coil  at  2  cm.  for  both. 


Left 

Female,  No.  3 

Male,  No.  4 

1 

R 

Near-mistake 

R 

Exc.  disc. 

2 

Right 

R 

Direct 

R 

3 

(( 

R 

u 

R 

4 

(( 

R 

u 

R 

5 

li 

R 

u 

R 

6 

Left 

R 

u 

R 

7 

it 

R 

Good  disc. 

R 

8 

(( 

R 

u 

R 

9 

u 

R 

Near-mistake 

R 

Careful 

10 

Right 

R 

Eager 

R 

11 

Left 

R 

R 

12 

Right 

R 

Direct 

R 

13 

it 

R 

u 

R 

14 

Left 

R 

Near-mistake 

R 

15 

« 

W 

Careless 

R 

Summary : 

14  R:l  W 

15  R:0  W 
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TABLE  2 


Summary  of  Results  of  Training  in  Light-dark  Discrimination. 

Electrically  Illuminated  Area  Versus  Unilluminated  Area. 

Electric  Shock  Used  as  Punishment. 


Dove  Number  3, 

9 

Dove  Number  4, 

cf 

4J 

1 

tJ 

Date 

Conditions 

.s? 

Date 

Ccmditions 

§ 

Qi 

^ 

pi: 

Feb.  28  Gen. 

ill.,  elect 

.  stim 

•    •    •    • 

3 

3 

Feb.  28  Gen. 

ill.,  elect 

.  stim 

■  •   •    • 

4 

Mar.  1  No  gen.  ill.,  elect,  stim. 

3 

3 

Mar.  1  No  gen.  ill.,  elect,  stim. 

4 

«     2 

a 

a         u 

tt 

u 

8 

2 

tt 

2 

tt 

u        u 

tt 

tf 

5 

«     3  Mixed  ilium., 

u 

u 

9 

1 

tt 

3  Mixed  ilium.. 

tf 

ff 

5 

«     4  Gen, 

ilium.. 

u 

a 

4 

6 

u 

4  Gen. 

ilium., 

tf 

ff 

4 

«     5 

u 

a 

u 

u 

6 

4 

a 

5 

tt 

u 

ff 

tf 

6 

«     6 

u 

u 

u 

u 

4 

6 

a 

6 

tt 

tt 

tt 

tf 

7 

a       7 

u 

u 

u 

u 

4 

6 

a 

7 

u 

ff 

ff 

ff 

6 

«     8 

u 

u 

u 

u 

6 

4 

u 

8 

a 

tt 

« 

« 

4 

«     9 

u 

u 

tt 

u 

3 

7 

u 

9 

u 

tt 

« 

ff 

5 

«   10 

u 

u 

u 

u 

6 

4 

u 

10 

u 

ff 

ff 

« 

7 

«   11 

u 

u 

tt 

u 

5 

5 

u 

11 

a 

tf 

a 

« 

4 

"   12  Mixed  gen.  ill. 

tt 

tt 

4 

6 

tt 

12  Mixed  gen.  ill. 

tt 

tf 

9 

«   13 

a 

u 

« 

u 

6 

4 

u 

13 

tt 

ff 

tf 

ff 

8 

"   14  Gen. 

ilium., 

u 

u 

5 

5 

u 

14  Gen. 

ilium.. 

a 

ff 

8 

"    15 

u 

a 

u 

u 

3 

7 

u 

15 

tt 

« 

a 

« 

6 

«    16  No.  1 

gen.  ill., 

tt 

u 

4 

6 

u 

16  No  gen.  ill., 

tf 

tf 

6 

«    17  Gen. 

ilium.. 

u 

tt 

5 

5 

u 

17  Gen. 

ilium.. 

tf 

« 

5 

"   26 

u 

u 

u 

u 

3 

7 

u 

26 

u 

tf 

tf 

tf 

5 

«   27 

u 

u 

tt 

u 

9 

1 

u 

27 

a 

« 

tt 

tf 

5 

"   28 

u 

u 

u 

a 

4 

6 

tt 

28 

u 

ff 

tf 

ff 

4 

«   29 

u 

u 

u 

u 

6 

4 

tt 

29 

u 

a 

tf 

«. 

5 

«  30 

a 

u 

tt 

tt 

4 

6 

a 

30 

u 

« 

ff 

« 

5 

«   31 

u 

u 

tt 

« 

4 

6 

u 

31 

tt 

tt 

u 

« 

5 

Apr.  1 

u 

u 

u 

tt 

11 

4 

Apr 

.  1 

u 

u 

ff 

« 

5 

«     2 

u 

u 

u 

u 

9 

6 

tt 

2 

a 

u 

ff 

« 

5 

«     3 

u 

u 

u 

u 

8 

7 

tt 

3 

a 

u 

« 

« 

13 

«     4 

u 

u 

u 

a 

9 

6 

tt 

4 

tt 

tt 

ff 

II 

9 

"     5 

u 

u 

u 

u 

8 

7 

u 

5 

u 

tt 

ff 

« 

8 

«     6 

u 

u 

u 

u 

12 

3 

u 

6 

u 

u 

ff 

II 

10 

«     7 

u 

a 

u 

a 

9 

6 

u 

7 

u 

u 

ff 

« 

9 

«     8 

u 

u 

a 

tt 

11 

4 

tt 

8 

u 

tf 

tf 

« 

11 

«    12 

u 

a 

tt 

u 

11 

4 

tt 

12 

u 

tt 

tf 

« 

14 

«    13 

u 

u 

« 

u 

13 

2 

tt 

13 

u 

tt 

tf 

II 

14 

'*    14 

u 

u 

M 

u 

14 

1 

tt 

14 

u 

tt 

ff 

« 

13 

"    15 

u 

i( 

u 

u 

10 

5 

tt 

15 

tt 

tt 

tt 

« 

13 

«    16 

u 

u 

u 

u 

12 

3 

tt 

16 

u 

tt 

ff 

« 

14 

"    17 

Stin^ 

i.  less, 

a 

u 

11 

4 

tt 

17  Stim 

I.  less. 

u 

« 

15 

''    18 

u 

u 

u 

u 

13 

2 

u 

18 

a 

u 

tt 

ff 

14 

"    19 

u 

u 

a 

u 

14 

1 

u 

19 

u 

tt 

tt 

ff 

15 

'^    20 

u 

u 

u 

u 

12 

3 

u 

20 

tt 

tt 

tf 

« 

14 

2 

2 

5 

5 

6 

4 

3 

4 

6 

5 

3 

6 

1 

2 

2 

4 

4 

5 

5 

5 

6  I 

5 

5 

5 
10 
10 

2 

6 

7 

5 

6 

4 

1 

1 

2 

2 

1 

0 

1 

0 

1 


The  general  results  of  the  several  series  of  reactions  required 
for  cloves  number  ?>  and  number  4  ajDpear  in  table  2,  under 
their  a])])ropriate  dates.  A  brief  statement  is  given  in  the  second 
cohimn  of  tlie  table  of  the  important  eonditions  of  reaction..  It 
is  stated,  for  example,  whether  general  illimiination  was 
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TABLE  3 

Summary  of  Results  of  Training  in  Light-dark  Discrimination. 
Electrically  Illuminated  Area  Versus  Unilluminated 
Area.    Electric  Shock  Not  Used 

Dove  Number  1,  (^  Dove  Number  2,  t^ 

Date  Conditions  *§)      P     Date  Conditions 


0^ 


Mar.  2  Gen.  ilium 3      7  Mar.  3  Gen.  ilium 2  3 

"     3     "        "    5      5      "     4     ."        "    2  3 

«     4     "        "    4      6^7**        "    2  3 

«     7     "        "    1      4      "*     9     **        "    2  3 

«     9     "        "    2      3      «10     "        «    2  3 

«    10     "        "    0      5      "11      "        "    2  3 

"11      «        «    3      2  .   "   12     «        "    2  3 

"12     "        "    3      2      **   13     "        "*    0  5 

«13     "        "    3      2      "14     «        "    2  3 

"14      "        «    4      1       «   16     "        «    2  3 

"16     "        "    0      5      "   17  No  gen.  ilium 1  4 

"   17  No  gen.  ilium 1      4      "18"      "        "    2  3 

"18"      "        "    1      4      "19"      "        "    2  3 

"19"      "        "     1      4       "20"      "        "    1  4 

u     20      u        a           u                                    2Q*<21"""  2  ^ 

"   21     "      "        "!!!!!!!!!       l      4      "   23  No  gen.  ill.,  elect',  stim'.  1  4 

"   23  No  gen.  ill.,  elect,  stim.      23"24""""  "  23 

u    24      u        u         u          u            u             23"    25      u  u         u         u  u  \  A. 

«25""""         "         32"26""""  "  55 

"    26     u      u       a        u          u          2S"    27     «  «       M        «  «  4  A 

«    27     MMMtf          u         2S"    28     «  «       «        tf  «  4  A 

"    28      mmum            tt             32"    30      u  u         a         u  a  4  f> 

"  30  No  gen.  ilium 46"  31""""  "  55 

"  31    "      "       "    5      5  Apr.  1  Gen.  Ulum 5  5 

Apr.  1  Gen.  ilium 2      8       "     2     "        "    5  5 

6      4       "     3      "        "    6  4 

1      9       "     4      "        "    7  3 

4      6      "     6     "        "    4  6 

8      2      "     8     "        "    6  4 

5      5      "     9     "        "    4  6 

5      5      "10     "        "    4  6 

2      8      "11     "        "    5  5 

5      5      "13     "        "    6  4 

5      5       "14      "        "    5  5 

4      6       "16     "        "    5  5 

7      3       "17      "        "    5  5 

5      5      "   18     "        "    7  3 

2      8      "   20     ♦        "    4  6 

3      7       "   21      "        "    7  3 

10      0      "23     "        "    3  7 

6      4       "24      "        "    10  0 

1      9      ."   25     "        "    5  5 

10      0       "27      "        "    9  1 

10      0       "28     "        "    6  4 

10      0       "29      "        "    9  1 

10      0       "30     «        "    5  5 

6      4   May  1      "        "    6  4 

9      1       "     2     "        "    10  0 

6      4       "     2      "        "    10  0 

"     4      "        "    10  0 

"     9      "        "    9  1 

"   11     "        "    8  2 

"14      "        "    5  5 


<< 

2 

u 

u 

u 

3 

u 

u 

u 

4 

u 

u 

u 

6 

u 

u 

u 

8 

u 

u 

u 

9 

u 

u 

a 

10 

u 

u 

u 

11 

u 

u 

u. 

13 

u 

u 

u 

14 

u 

u 

a 

17 

u 

u 

u 

18 

u 

u 

u 

20 

u 

a 

u 

21 

u 

u 

u 

23 

u 

u 

u 

24 

u 

u 

u 

25 

u 

u 

u 

27 

u 

u 

u 

28 

u 

u 

u 

29 

u 

u 

t< 

30 

u 

u 

la^ 

V9 

u 

u 

4« 

11 

u 

u 

ii 

14 

a 

u 
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or  not,  and  it  is  indicated  that  in  a  few  series  of  observations 
the  conditions  of  illumination  were  mixed,  that  is,  for  some  of 
the  reactions  general  illumination  was  employed,  whereas  in 
others  it  was  lacking.  Throughout  the  regular  experiments  the 
electric  stimulus  was  employed.  On  April  17th,  as  is  indicated, 
the  intensity  of  the  visual  stimulus  was  lessened,  thus  dimin- 
ishing the  difference  in  the  stimuli  to  be  distinguished. 

Table  3  presents  the  .comparable  results  for  doves  number  1 
and  number  2.  The  chief  difference  in  the  conditions  for  these 
results  and  those  obtained  with  doves  numbers  3  and  4  is  the 
absence  of  the  electric  stimulus  in  the  case  of  the  former.  With 
the  exception  of  one  week,  March  23rd  to  March  28th,  Mr. 
Eisenberg  trained  number  1  and  number  2  to  achromatic  dis- 
crimination on  the  basis  of  food  as  a  reward  without  the  use 
of  the  electric  shock  as  punishment  for  mistakes.  His  results, 
therefore,  may  be  compared  with  those  of  the  writer,  with  a 
view  to  discovering  the  value  of  punishment  as  contrasted  with 
reward  in  this  experiment  with  ring-doves. 

Such  comparison  indicates,  in  the  first  place,  that  it  is  pos- 
sible to  make  a  larger  number  of  observations  per  series  with 
punishment  than  without  it.  Thus,  the  writer  by  the  aid  of 
the  electric  stimulus  was  able  to  make  ten,  fifteen  or  even  twenty 
observations  per  series.  Whereas,  Mr.  Eisenberg,  without  the 
electric  stimulus,  could  not  satisfactorily  make  more  than  ten 
observations,  and  during  a  considerable  portion  of  the  training 
he  made  only  five.  Second,  the  time  required  for  the  work 
varied  much  more  widely  when  punishment  was  not  used  than 
when  it  was  used.  As  a])pears  from  tables  2  and  3,  all  of  the 
doves  acquired  the  ability  to  discriminate  with  a  reasonable 
decree  of  certainty,  and  to  react  appropriately.  The  course  of 
habit  formation  in  case  of  each  of  the  four  subjects  is  surprising. 
Instead  of  bein^  steady,  regular,  and  fairly  rapid,  as  the  writer 
had  anlici])atccl,  it  proved  to  be  irregular  and  extremely  slow. 
One  day  the  experimenter  would  feel  confident  that  his  subjects 
were  acquirinj^^  the  hal)it,  and  the  next  day  he  would  find  them 
uIIctIv  unable  t(^  react  pro])erly. 

In  table  4  the  clioiees  are  presented  by  groups  of  fifty,  and 
the  c'ourse  of  habit  formation  is  indicated  with  the  daily  varia- 
tions eliminated.  Tliis  tabic*  shows  that  as  the  result  of  three 
hun(lre<l  trials,  no  one  (^f  the  four  doves  had  acquired  the  ability 


A  STUDY  OF  COLOR  VISION  IN  THE  RING-DOVE 


35 


TABLE  4 

Reactions  in  Light-dark  Training  Grouped  in  Fifties  to  Show  Slowness 

OF  Improvement  and  Irregularities 


Dove  1,  c? 

Dove  2,  (j^ 

Dove  3,  9 

Dove  4,  (^ 

Trials 

Right 

Wrong 

Right    Wrong 

Right 

Wrong 

Right 

Wrong 

1  -50 

18 

32 

18 

32 

32 

18 

27 

23 

51-100 

18 

32 

20 

30 

23 

27 

29 

21 

101-150 

22 

28 

21 

29 

23 

27 

35 

15 

151-200 

23 

27 

28          22 

25 

.     25 

25 

25 

201-250 

20 

30 

25    I      25 

27 

23 

22 

28 

251-300 

25 

25 

26 

24 

30 

20 

29 

21 

301-350 

37 

13 

36 

14 

34 

16 

34 

16 

351-400 

36 

9 

41     i        9 

41 

9 

46 

4 

401-450 

27 

8 

38 

12 

47 

3 

451-500 

30 

5 

33 

2 

to  react  properly.  Between  the  three  hundredth  and  the  four 
hundredth  trials,  all  of  them,  however,  showed  marked  im- 
provement. Were  it  not  that  two  experimenters  were  involved 
and  the  conditions  of  observation  thoroughly  controlled,  it  might 
fairly  be  suspected  that  the  doves  finally  discovered  some  other 
basis  for  reaction  than  the  difference  in  the  intensity  of  illumi- 
nation. We  are  convinced,  however,  that  this  was  not  the 
case  and  that  the  results  satisfactorily  prove  that  the  ring-dove 
is  extremely  slow,  under  the  conditions  described,  in  learning  to 
react  appropriately  to  achromatic  stimuli,  even  though  they 
differ  very  markedly.  It  must  be  admitted,  however,  that  there 
are  certain  features  in  table  3  which  are  puzzling.  Number  1 
discriminated  perfectly  on  April  23rd,  and  number  2  on  April 
24th,  whereas  on  both  the  preceding  and  the  following  days  they 
did  poorly.  This  suggests  to  the  writer  that  they  had  happened 
upon  some  means  of  choosing  other  than  that  intended  by  the 
experimenter. 

From  a  careful  comparison  of  the  data  of  tables  2,  3,  and  4, 
it  is  clear  that  by  the  use  of  the  electric  stimulus,  it  is  possible 
to  dcvelo])  a  visual  discrimination  habit  in  the  dove  much  more 
quickly,  and  consequently  with  less  labor,  than  by  the  employ- 
ment of  the  food  getting  desire  alone. 

All  of  the  foregoing  obserx'ations  are  merely  preparatory  to 
the  work  with  chromatic  stimuli.     It  therefore  seems  unneces- 
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sary  to  burden  the  reader  with  further  details  of  conditions  or 
results,  except  possibly  with  respect  to  the  general  iUmmnation 
and  its  relation  to  the  reactions.  In  some  of  the  series,  general 
illumination  was  not  employed,  and  it  was  naturally  apparent 
that  the  doves  could  distinguish  the  stimuli  much  more  easQy 
than  when  the  surroundings  were  illuminated.  It  was  deemed 
desirable  to  use  general  illumination  in  order  to  guard  against 
choice  on  the  basis  of  the  visibility  of  the  sides  and  floor  of  the 
stimulus  chambers,  for  naturally  enough,  this  differed  greatly 
in  the  light  and  the  dark  chambers  in  the.  absence  of  gieneral 
illxmiination.  On  the  whole,  it  seemed  very  much  moie  satis- 
factory to  conduct  experiments  in  the  genexBl  illimiination  fno- 
duced  by  a  two  candle  power  frosted  carbon  incandescent  lamp, 
at  a  distance  of  1 10  cm.  above  the  center  of  the  partition 
the  stimulus  chambers. 

As  an  aid  to  rapid  reaction,  the  alleys  of  the  experix 
were  kept  dark  except  at  the  moment  of  entrance  of  t 
In  each  alley  was  placed  a  low-power  lamp  which  could  be 
on  the  instant  the  door  P  was  raised,  and  turned  off  t 
the  door  H  was  opened.    This  served  to  induce  the  dove 
the  alley-way  and  to  hasten  through  it  to  the  food 
a  few  daily  series,  the  birds  made  the  trip  quickly 
tarily,  seldom  loitering  in  the  passageways  and  usi       ' 
from  entrance  chamber  to  discrimination  chamber  ; 

The  food  placed  in  the  entrance  chamber  as       x 
return  to  that  portion  of  the  experiment-box  ^       i 
bread,  with  a  small  quantity  of  cracked  com  1. 

a  large  portion  of  the  series,  the  birds  ate  little,  unl 
practically  deprived  of  food  while  in  the  living-a     l 
fair  to  say  that  the  process  of  habit  formation  in  t 
doves  3  and  4  depended  almost  solely  upon  punishment, 
the  process  in  the  case  of  birds  1  and  2  depended  8< 
reward. 

As  in  the  writer's  previous  use  of  ptmishment,  t 
current  was  used  by  means  of  a  Porter  inductorium 
number  6  Columbia  dry  cell  as  source  of  current.    In 
experiments,  no  attempt  was  made  to  keep  the  feet  of 
moist,  and  as  a  consequence,  the  secondary  coil  had  to  b 
well  over  the  primary.     Its  position  was  varied  somewl 
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day  to  day,  but  in  general  it  was  placed  at  1  cm.  for  the  female 
and  at  3  cm.  for  the  male.  This,  of  cotirse,  means  that  the  male 
responded  to  a  very  much  weaker  electric  stimulus  than  did  the 
female,  but  it  is  probable  that  this  indicates  not  so  much  a 
difference  in  sensitiveness  to  the  stimulus  as  the  result  of  diJBfer- 
ence  in  weight,  for  the  male  bird  was  much  heavier  than  the 
female.  During  March  it  was  foxmd  di£Scult  to  get  satisfactory 
responses,  even  when  the  maximum  current  was  used,  and  the 
experimenter  finally  hit  upon  the  device  of  placing  a  square 
piece  of  moist  blotting  paper  before  the  food-box  in  the  entrance 
chamber.  This  was  found  to  yield  very  satisfactory  results. 
The  secondary  now  had  to  be  set  at  2  cm.  for  the  female  and 
2i  for  the  male.  The  settings  proved  satisfactory  throughout 
the  remainder  of  the  work,  and  whereas  previously  the  responses 
to  the  electric  stimtilus  had  varied  extremely,  they  subsequently 
were  very  constant. 


RESULTS  WITH  CHROMATIC  STIMULI 

Doves  3  and  4,  having  been  trained  to  practically  perfect 
discrimination  of  a  bright  area  from  a  dark  area  of  the  same 
size,  were  tested  for  preference  of  spectral  red  and  green.  The 
value  of  the  red  stimtilus  was  626  to  640a*A*,  while  that  of  the 
green  was  498  to  510MM.  In  energy,  as  measured  by  the  selenium 
cell,  the  red  stood  slightly  above  the  green,  but  they  were  so 
nearly  the  same  that  it  seemed  needless  to  attempt  to  equate 
them  more  closely  for  these  preliminary  experiments. 

Table  5  presents  in  summary  the  results  of  the  chromatic 
reactions  of  doves  3  and  4.  From  this  table  it  appear^  that 
on  April  21st,  when  given  an  opportimity  to  choose  either  the 
red  or  the  green  chamber,  without  punishment,  niunber  3  chose 
the  one  as  often  as  the  other,  whereas  ntmiber  4  chose  the  red 
eight  times,  the  green  twice.  On  April  22nd,  in  the  absence 
of  general  illumination  and  with  a  period  of  two  minutes  for 
darkness  adaptation  before  the  series  was  commenced,  the 
results  were  entirely  different,  for  ntmiber  3  selected  the  green 
nine  times  out  of  ten,  while  ntmiber  4  chose  it  five  times  out  of 
ten.  On  the  following  day,  the  original  conditions  of  April  21st 
were  reinstated  and  the  responses  were  similar  to  those  of  that 
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date.  On  April  28th,  by  the  ehmination  of  general  illumination, 
darkness  adaptation  was  effected,  and  the  results  again,  as  on 
April  22nd,  favored  the  green. 

TABLE  5 
Results  of  Experiments  with  Chromatic  Stimuli 
Dove  Number  3,  9  Dove  Number  4,  (^ 
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I'rom  these  four  series  of  ten  reactions  with  doves  numbers 
3  and  4,  it  may  be  inferred  that  under  the  condition  of  general 
illumination  in  whieh  these  doves  had  been  trained  to  distin- 
guish the  lii^'ht  slijnulus  patch  from  tlie  dark  and  to  react  posi- 
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tively  to  the  lighter  of  the  two,  the  spectral  red  and  green  stimuli 
appeared  of  about  the  same  intensity  to  the  female  dove,  whereas 
to  the  male,  the  red  appeared  the  more  intense.  One  naturally 
infers  that  both  birds,  as  a  result  of  their  previous  training, 
would  go  to  the  stimulus  patch  which  appeared  the  lighter  of 
the  two,  supposing  that  an  appreciable  difference  existed.  The 
series  of  observations  on  April  22nd  and  28th  with  darkness 
adaptation  indicate  that  green  appeared  considerably  lighter  for 
both  birds  than  without  adaptation.  Green  was  chosen  more 
frequently  by  number  3  than  by  number  4,  apparently  because 
the  two  stimuli  were  of  more  nearly  the  same  value  in  general 
illumination  for  this  bird  than  for  the  male. 

From  these  few  observations,  and  naturally  only  a  few  obser- 
vations could  be  made  of  preference,  we  may  conclude  that 
spectral  red  and  green  stimuli  of  approximately  the  same  energy 
values  did  not  appear  markedly  different  to  the  female  dove 
in  general  illumination,  whereas  without  general  illumination  the 
green  seemed  the  more  intense.  For  the  male,  on  the  contrary, 
the  red  seemed  somewhat  more  intense  than  the  green,  and 
darkness  adaptation  rendered  the  two  of  practically  the  same 
intensitv. 

Hess*  has  already  demonstrated  the  Purkinje  phenomenon  in 
chickens  and  doves,  by  a  method  radically  different  from  that 
of  the  writer,  while  Lashley*  has  more  recently  demonstrated 
it  in  the  game  bantam  by  the  method  of  this  investigation. 
There  seems  to  be  no  reason  for  doubting  that  the  observations 
described  above  also  constitute  a  satisfactory  demonstration  of 
the  modification  of  stimulating  value  by  adaptation. 

A  series  of  observations  was  now  instituted,  beginning  on 
April  29th,  on  the  development  of  the  ability  to  distinguish 
red  from  black  and  of  the  habit  of  reacting  positively  to  red  and 
negatively  to  black.  Supposing  that  red  appeared  light  and 
black  dark,  it  would  seem  that  both  doves,  merely  as  the  result 
of  their  light-dark  training  with  colorless  stimuli,  should  select 
red  uniformly  and  avoid  the  black.  The  results,  however,  as 
they  ap]3ear  in  table  5,  do  not  wholly  justify  this  expectation. 

*  Hess,  C.     Untersuchungen  iiber  das  Sehen  und  iiber  die  Pupillenreaction  von 
Tag-  und  Machtvogeln.     ArMv,  fur  Augenheilkunde,  1908,  Bd.  59,  S.  143. 

.    Vergleichende  Physiologie  des  Gesichtssinnes.    Jena,   1912, 

Bd.  4,  S.  9. 

•Watson,  J.  B.    Behavior.    New  York,  1914,  p.  350. 
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Instead,  they  seem  to  indicate  that  for  the  female  dove,  the 
red  was  so  dark  that  it  tended  to  be  confused  with  the  black, 
or  at  least  was  not  accepted  as  the  equivalent  of  the  light  area 
which  the  bird  had  previously  learned  to  choose. 

In  this  red-black  training,  it  was  possible  to  give  each  dove 
twenty  trials  in  succession.  As  a  result  of  one  hundred  and 
forty  trials,  number  3  was  reacting  properly  ninety  per  cent  of 
the  time.  Curiously  enough,  the  male,  number  4,  chose  the  red 
eighteen  times  out  of  twenty  in  his  first  series,  and  showed 
throughout  his  reactions,  in  the  red-black  training,  ability  to 
respond  to  these  two  stimuli  much  as  he  had  to  the  light  and 
dark  achromatic  stimuli.  This  is,  of  course,  wholly  in  agree- 
ment with  the  results  of  the  preference  tests,  which  clearly  indi- 
cated that  the  red  stimulus  for  some  reason  possessed  a  higher 
stimulating  value  for  the  male  than  for  the  female. 

It  is,  of  course,  impossible  to  say,  on  the  basis  of  the  red- 
black  results,  that  either  bird  responded  to  the  chromatic  differ- 
ence instead  of  to  the  intensity  difference  of  the  stimuli.  It  is 
doubtless  safer  to  assume  that  the  latter  alone  was  the  basis 
of  choice. 

Beginning  on  May  9th  both  doves  were  presented  with  the 
red  and  green  stimuli  which  on  April  21st  had  been  offered  as 
a  basis  for  preference  reactions,  with  the  difference  that  now 
they  were  required  to  choose  the  red  and  to  avoid  the  green  on 
penalty  of  electric  stimulation.  Again,  each  daily  series  con- 
sisted of  twenty  successive  trials.  The  female  exhibited,  at 
first,  slight  ability  to  distinguish  the  two  stimuli  and  to  respond 
appropriately,  but  after  three  hundred  and  eighty  trials,  she 
was  reacting  perfectly.  The  male,  on  the  contrary,  reacted 
perfectly  even  from  the  first,  his  second  series  of  twenty  trials 
including  no  mistakes.  It  is  thus  fairly  clear  that  he  responded 
to  the  intensity  difference  of  the  two  chromatic  stimtili,  and  it 
seems  wholly  probable,  in  view  of  the  gradual  development  of 
the  habit,  that  she  also  acquired  the  ability  to  respond  to  the 
same  difference. 

From  these  preliminary  observations,  it  seems  safe  to  con- 
clude that  for  the  ring-dove  a  red  and  a  green  from  the  spec- 
trum of  the  carbon  arc,  of  the  wave  lengths  designated  above, 
and  of  approximately  the  same  energy,  as  measured  by  the 
selenium  cell,  are  sufficiently  unlike  in  stimulating  value  to  be 
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readily  distinguished  by  certain  individuals  and  with  difficulty 
by  others.  The  particular  results  in  hand  suggest  that  the  red 
has  a  higher  stimulating  value  for  the  male  than  for  the  female. 

The  next  step  in  the  experiment  would  naturally  enough 
have  been  observation  of  the  responses  of  the  subjects  to  varied 
energy  values  (intensities)  of  the  two  chromatic  stimuli.  Un- 
fortimately,  the  investigation  had  to  terminate  at  the  end  of 
May  and  the  laborious  preparation  for  these  final  observations 
was  imavoidably  wasted.  The  writer  had  fully  expected  and 
hoped,  within  the  period  of  six  months  at  his  disposal  when  the 
investigation  was  undertaken,  to  ascertain  whether  the  ring- 
dove can  distinguish  a  red  from  a  green  stimulus  throughout  a 
wide  range  of  energy  or  intensity  values.  This  he  did  not  suc- 
ceed in  doing,  and  consequently  this  report  must  be  entitled 
**  Preliminaries  to  a  study  of  color  vision  in  .the  ring-dove." 

The  principal  conclusions  which  may  safely  be  drawn  from 
these  observations  have  been  suggested  in  the  course  of  the 
presentation,  but  by  way  of  simMnary  and  review,  they  may 
be  enumerated  here. 

1.  It  is  fairly  obvious  that  the  ring-dove  is  not  sufficiently 
docile  to  be  an  ideal  subject  for  the  study  of  color  vision  by 
means  of  the  method  which  Watson  and  I  have  developed. 

2.  It  is  indicated  that  the  value  of  a  certain  red  and  a  certain 
green  may  be  very  different  for  two  ring-doves,  and  it  is  pos- 
sible that  this  difference  is  correlated  with  sex,  the  red  having 
a  higher  stimulating  value  for  the  male  than  for  the  female. 

3.  As  has  already  been  demonstrated  by  the  writer  in  the 
case  of  a  number  of  animals,  the  use  of  the  electric  stimulus  as 
a  means  of  compelling  attention  to  an  experimental  situation 
and  of  promoting  habit  formation  is  desirable  in  work  with  the 
ring-dove. 

4.  Ring-doves  differ  markedly  in  temperament.  The  pair  used 
by  the  writer  throughout  this  work  presented  differences  which 
must  be  considered  if  one  is  to  xmderstand  the  results.  To 
begin  with,  the  male  was  somewhat  wild,  but  at  the  same  time 
fairly  bold,  whereas  the  female  was  tamer  but  more  timid.  Be- 
cause of  this  contrast  in  timidity,  the  male  almost  from  the 
start  proved  the  better  subject.  He  was  not  so  easily  disturbed 
or  distracted,  reacted  therefore  more  steadily,  and  chose  more 
certainly.    With  constant  handling  he  became  quite  as  tame  as 
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the  female  and  lost  almost  entirely  his  timidity  in  the  apparatus. 
She,  however,  continued  to  be  rather  timid  throughout  the  sev- 
eral months  of  work,  although  she  was  perfectly  tame.  The 
differences  in  the  nature  of  the  reactions,  as  recorded  in  the 
experimenter's  record-book,  can  be  appreciated  only  in  the  light 
of  these  temperamental  facts. 

The  sex  contrasts  indicated  in  the  above  paragraphs  one  dare 
not  emphasize  very  strongly  on  the  basis  of  observations  on 
two  individuals,  but  they  at  least  suggest  the  desirability  of 
further  study  of  the  sexes.  It  is  the  writer's  opinion  that  they 
agree  sufficiently  closely  vnth  the  results  obtained  in  the  case 
of  other  animals  to  justify  their  provisional  acceptance. 

As  has  been  repeatedly  noted  with  other  animals,  there  are 
good  and  bad  days  in  experimental  work  with  ring-doves, — days 
which  are  good  or  bad,  not,  so  far  as  one  may  tell,  because  of 
variation  in  the  experimenter  or  his  manipulation  of  the  appa- 
ratus, but  chiefly  because  of  variations  in  the  condition  of  the 
subjects.  The  ex])eriments  described  in  this  paper  were  made 
at  about  the  same  hour  each  morning,  and  it  was  quite  impos- 
sible for  the  experimenter  to  predict  the  outcome  of  a  series 
in  the  light  of  previous  series,  for  the  attention  of  the  doves  to 
the  situation  seemed  to  var\'  independently  of  any  conditions 
or  group  of  conditions  which  the  experimenter  could  take  into 
account.  There  are  animals  which  can  be  relied  upon  to  work 
steadily  and  fairly  predictably.    The  ring-dove  is  not  one  of  them. 

The  writer  has  been  led  to  reflect,  because  of  the  outcome  of 
this  scries  of  observations,  on  the  possible  relation  of  the  sim- 
l)licity  of  the  ex])eri mental  situation  to  the  results.  He  was 
coni])clled  to  devote  several  weeks  to  the  establishment  of  a 
sim])lc  liabit  in  two  rin^^-doves,  a  habit  which  was  next  to  value- 
less c'xce])t  as  a  ])re])arati()n  for  further  observations.  It  is 
natural  that  durini^  this  \nn^  period  of  pre])aration  he  should 
frc([ut'ntly  wonder  whether  the  desired  end  might  not  be  gained 
imn'c  (luic'kly  by  a  dilTercnt  method.  It  seems  probable  that  a 
c()m]>lex  situation  would  have  proved  more  favorable,  and  that 
liad  the  two  stimuli  varied  in  other  respects  than  in  intensity, 
the  animal's  attcMUion  would  more  readilv  have  been  directed  to 
them  and  more  steadily  held  u])(>n  them.  The  matter  is  men- 
ti<Mie(l   here  because  it   is  ()l)viously   of  extreme  im])ortance  to 
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students  of  behavior  to  discover  the  most  efficient  means  of 
developing  preparatory  habits  in  animals. 

In  concluding  this  paper,  the  writer  can  not  refrain  from 
calling  attention  to  the  waste  of  time  which  results  from  the 
sacrificing  of  trained  animals  at  the  end  of  an  investigation. 
It  should  be  possible,  through  exchange,  to  make  the  same 
subject  serve  in  various  experiments.  And  different  experi- 
menters, supposing  our  methods  to  be  reasonably  standardized, 
might  study  quite  different  problems  on  the  basis  of  similar 
preparatory  habits.  Thus,  for  example,  the  doves  which  in  this 
investigation  have  been  trained  to  certain  visual  reactions,  might 
perfectly  well  be  employed  for  other  forms  of  visual  response, 
or  even  to  greater  advantage  for  studies  of  the  relation  of  the 
central  nervous  system  to  the  acquired  responses.  It  is  sug- 
gested, therefore,  that  American  investigators  who  are  actively 
engaged  in  studies  in  animal  behavior  keep  in  close  touch  and 
develop  a  system  of  reporting  their  experiments  while  in  pro- 
gress, which  may  serve  as  a  basis  for  the  serviceable  exchange  of 
trained  subjects.  The  writer  happens  to  have  on  hand  at  the 
moment  of  writing  three  tame  crows  which  are  highly  trained 
in  certain  modes  of  response.  The  labor  of  taming  and  training 
them  would  have  to  be  valued  at  several  hundred  dollars.  It 
is  impossible,  under  present  conditions,  to  make  use  of  these 
birds,  and  unless  some  other  investigator  can  be  found  who 
can  take  advantage  of  this  preparation,  they  will  have  to  be 
either  set  at  liberty  or  otherwise  sacrificed. 
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CORVUS  AMERICANUS  AUD.  BY  THE 

MULTIPLE  CHOICE  METHOD 

CHARLES  A.  COBURN  AND  ROBERT  M.  YERKES* 
The  Harvard  Psychological  Laboratory  and  the  Franklin  Field-Station 

We  have  previously  reported  in  this  Journal*  observations 
on  the  behavior  of  crows  in  certain  forms  of  visual  discrim- 
ination. The  subjects  of  that  investigation  were  transferred 
from  the  Franklin  Field-Station  in  September,  1913,  to  the 
Laboratory  of  Animal  Psychology  in  Cambridge,  and  were  there 
kept  until  June,  1914,  in  a  cage  approximately  six  feet  in  its 
several  dimensions.  Despite  their  close  confinement  and  the 
lack  of  an  out-of-door  fly,  the  birds  continued  in  excellent  health 
and  proved  themselves  able  to  withstand  wholly  satisfactorily 
the  conditions  of  laboratory  life.  When  returned  to  the  Field- 
Station,  they  were  considerably  less  tame  than  during  the  previous 
summer.  For  this  reason  they  were  not  used  further  for  exper- 
imental purposes,  but  were  kept  for  general  observations.  Young 
crows  were  captured  for  the  experiments  which  are  reported 
in  this  paper. 

Instead  of  following  up  the  study  of  visual  discrimination, 
we  devoted  our  attention,  during  the  summer  of  1914,  to  an 
attempt  to  analzye  ideational  and  allied  forms  of  behavior  in 
the  crow  by  means  of  the  Yerkes  multiple  choice  method,  and 

*  The  observations  reported  were  made  chiefly  by  Mr.  Cobum  and  the  paper 
was  written  by  Mr.  Yerkes. 

*  Cobum,  C.  A.    The  behavior  of  the  crow  Corvus  Americanus,  Aud.     Journal 
of  Animal  Behavior,  1914,  4,  185-201. 
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to  the  accumulation  of  additional  facts  concerning  the  natural 
history,  instincts,  and  general  habits  of  the  birds. 

On  June  7th,  1914,  three  young  crows  were  captured  near 
the  Station.  These  birds  were  about  ready  to  leave  the  nest. 
One,  indeed,  was  taken  fiom  a  limb  beside  the  nest.  This  indi- 
vidual from  the  first  exhibited  fear  and  was  so  troublesome 
that  after  two  days  it  was  discarded  and  the  remaining  two 
birds  were  kept  for  observation.  They  were  placed  in  a  box 
which  was  frequently  passed  by  human  beings,  and  were  several 
times  a  day  fed  by  hand,  being  allowed  to  come  out  of  the  box 
at  will  and  become  thoroughly  accustomed  to  the  experimenters. 
From  the  time  of  capture  they  were  perfectly  tame,  ate  readily, 
and  the  characteristic  fear  reactions  never  appeared.  When 
taken  from  the  nest,  they  were  probably  at  least  six  weeks  old. 

Throughout  this  report,  these  birds  will  be  referred  to  as 
nimiber  3  and  number  4.  Number  3  was  from  the  first  the 
larger  of  the  two  and  the  less  timid.  It,  during  the  several 
months  of  observation,  always  came  to  us,  perching  on  arms, 
shoulder,  or  head,  as  it  had  opportunity,  and  showing  a  friendly 
interest  which  was  apparently  somewhat  independent  of  its 
desire  for  food.  It  evidently  liked  to  be  petted.  Oui  assumption 
is  that  this  bird  is  a  male.*  Number  4,  by  contrast,  was  smaller, 
shyer,  more  wary,  and  after  a  few  weeks  ceased  to  come  to  either 
of  us,  except  as  drawn  by  hunger,  and  even  then  it  often  hesi- 
tated to  perch  upon  the  hand  or  arm.  In  all  probability,  it  is 
a  female.  It  has  eaten  less  than  number  3,  and  has  been 
considerably  more  difficult  to  experiment  with.  Usually,  in  the 
course  of  an  experiment,  if  the  birds  were  in  competition,  number 
4  would  stand  aside  for  number  3. 

Our  additional  experience  with  crows  during  the  present  season 
but  emphasizes  our  conviction  that  they  are  among  the  most 
interesting  of  birds,  and  that  their  behavior  is  in  every  respect 
worthy  of  careful  analytic  study.  With  respect  to  what  we 
shall  term  * 'ideational  behavior,'*  they  have  fallen  short  of  our 
exi)ectations,  for  in  the  light  of  their  varied  interests,  ingentiity, 
curiosity,  ceaseless  activity,  and  aj^parent  insight  into  simple 
situations,  we  had  assumed  that  they  ])ossess  an  intelligence 
equal  to  that  of  many  of  the  more  intelligent  mammals.     The 

•''  Since  this  was  written,  dissection  has  definitely  established  our  surmise  in  the 
case  of  both  birds. 
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experiments  now  to  be  reported  were  conducted  for  the  special 
purpose  of  obtaining  definite  and  reliable  information  concerning 
the  nature  and  limitations  of  their  ability  to  adjust  themselves 
to  certain  fairly  simple,  although  novel,  situations. 

We  sought  to  make  our  measurements  of  intelligence  by  a 
method  recently  devised  at  the  Psychopathic  Hospital,  Boston, 
by  R.  M.  Yerkes,  for  the  comparative  study  of  ideational  and 
allied  forms  of  behavior  in  man  and  other  animals.  This  method 
has  been  named  the  soluble-problem  multiple-choice  method.  It 
was  devised  primarily  for  the  purpose  of  enabling  the  comparative 
psychologist  to  present  to  any  human  or  infra-htmian  subject, 
no  matter  what  the  age,  degree  of  intelligence,  or  condition  of 
normality  or  abnormality,  a  series  of  situations  increasing  in 
complexity  from  an  extremely  simple  one  to  one  so  intricate 
that  even  the  most  intelligent  human  subject  might  spend  hours 
or  days  in  adjusting  himself  to  it.  By  means  of  this  multiple 
choice  method,  it  is  hoped  and  confidently  expected  that  the 
materials  of  comparative  psychology  may  be  rapidly  increased 
and  the  analyses  of  animal  behavior  be  made  invaluable  to  the 
psychopathologist. 

A  general  description  of  the  method  should  preface  this  account 
of  the  special  form  in  which  it  was  applied  to  the  crow,  inasmuch 
as  only  a  very  brief  account  of  it  has  been  published.* 

In  brief,  the  essentials  of  the  method  are  these.  A  series  of 
reaction  mechanisms,  appropriate  to  the  subject,  are  presented. 
From  this  series  one  mechanism  must  be  selected  which,  when 
properly  approached,  will  yield  the  subject  the  satisfaction  of 
success  and,  possibly,  the  reward  of  food.  With  each  presenta- 
tion of  the  reaction  mechanisms,  they  are  varied  in  number  and 
in  position.  The  subject  is  therefore  forced  to  select  the  proper 
mechanism  on  the  basis  of  some  particular  relationship  of  that 
mechanism  to  its  fellows,  this  relationship  having  been  determined 
upon  in  advance  by  the  experimenter.  It  may  be,  for  example, 
such  a  simple  relation  as  first  at  the  left  of  the  series  as  the 
subject  approaches,  or  first  at  the  right  of  the  series,  or  second 
at  the  left,  or  alternately  the  first  at  the  left  and  the  first  at 
the  right,  or  the  middle  of  the  series.  Imagine,  then  a  series 
of  piano  keys  which  may  be  presented  to  a  human  subject.     They 

*  Yerkes,  Robert  M.  The  study  of  human  behavior.  Science,  1914,  39,  625-633. 
In  this  paper  the  writer  describes  his  method  in  contrast  with  the  Hamilton  quad- 
ruple choice  method. 
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may  vary  in  number  from  two  to  twelve  (this  was  the  original 
form  of  apparatus).  Some  one  key,  in  any  group  of  keys  pre- 
sented, when  pressed  will  cause  a  bell  to  ring,  thus  indicating 
success.  Without  other  aid  than  his  own  observation,  the  subject 
is  expected,  from  repeated  presentations  of  the  keys,  to  discover 
the  essential  relation  and  to  acquire  the  ability  to  select  the 
right  key  with  certainty. 

This  method  has  the  advantage  of  enabling  the  experimenter 
to  present  increasingly  difficult  problems  to  his  subjects.  It 
has  further  the  advantage  of  enabling  him  conveniently  to  record 
the  essential  features  of  reaction,  and  later  to  analyze  the  reactions 
at  his  leisure.  But  most  important  of  all,  it  yields  strictly 
comparable  results  when  applied  to  widely  differing  organisms. 
Naturally,  although  the  same  problems  may  be  presented  to 
diverse  types  of  organism,  the  reaction  mechanisms  must  be 
suited  to  the  subject  in  question. 

Without  further  general  comment  or  discussion  of  the  multiple 
choice  method,  we  shall  describe  the  form  of  apparatus  and 
procedure  employed  with  the  crow. 


APPARATUS  AND  METHOD 

In  the  accompanying  plate,  designated  as  figure  1,  and  in 
the  ground  plan  of  the  observation-room  and  apparatus,  shown 
in  figure  2,  the  generaV  experimental  situation  is  represented. 
Figure  1  shows  in  the  background  the  building  which  was  used 
both  as  a  shelter  for  the  crows  and  as  an  observation  place  for 
the  experimenter.  To  this  building  is  attached  a  fly  which 
appears  in  C,  D,  and  E  of  Figure  1.  In  figure  2,  the  ground 
plan  of  the  building,  arc  seen  the  experimenter's  room,  A,  and 
the  crow  room,  B,  the  latter  containing  a  perch,  P.  All  coarsely 
dotted  lines  in  this  figure  indicate  walls  or  partitions  made  <rf 
poultry  wire.  The  large  fly  was,  for  the  purposes  of  our  ex- 
periment, divided  into  two  parts  by  a  wire  partition.  In  the 
smaller  of  these  portions,  shown  at  the  right  of  flgure  2,  the 
multiple  choice  api)aratus  was  located.  The  crows  could  enter 
this  portion  of  the  fly  only  at  the  w411  of  the  experimenter,  where- 
as they  were  allowed  the  freedom  of  the  larger  portion,  which 
we  have  labelled  C.  As  figure  2  is  drawn  to  scale  (one  inch  to 
forty-eight)  it  is  unnecessary  to  give  the  measurements  of  the 


... sand  apparatus  for  multiple  cbcncx  experiments.    A  and 

i\  crows,  number  3,  (f,  on  shoulder  of  experimenter,  and  number  4,  9,  on 
aim;  C,  the  multiple  choice  box  seen  from  the  observer's  room  and  from  the 
direclion  of  approach  by  the  crow,  the  compartments  are  numbered  1  to  9 
and  below  each  number  is  an  entrance  door.  D,  the  same  seen  from  the  oi^io- 
site  side  or  rear,  with  the  nine  exit  doors  closed.  E,  the  box  seen  from  the 
i)bser\'er's  room,  with  entrance  doors  I  to  6  and  exit  door  2  open.  At  the 
extreme  left,  above  the  entrance  doer  to  the  experiment  compartment  of  the 
tiy,  one  of  the  crows  is  visible.  F.  the  otiserver's  table,  showing  curtain  befofC 
window  ipartially  drawn  aside  to  admit  light  for  the  camera)  and  the  weighted 
cords  with  pull  buttons  for  opening  and  closing  doors. 


Figure  2.  Ground  plan  of  craw  house,  flj',  and  apparatus.  Scale,  ,\.  A.  obser- 
vation room;  B,  bird  room:  C.  main  portion  of  (iy;  D,  passageway  for  experi- 
menter; E,  multiple  choice  box;  F,  entrance  door  between  main  fiy,  C,  and 
alley  to  reaction  chamber,  H;  G,  exit  door  between  alley  S  and  main  fly;  H, 
reaction  chamber,  the  floor  boards  of  which  are  separated  somewhat;  I,  L, 
approaches  to  the  doors  F  and  G;  J,  observer's  table  and  key-board;  K,  observ- 
er's stool;  N,  doors  for  experinienter's  use;  P,  perches;  R,  alley  leading  to 
middle  of  reaction  chamber  H;  S,  alley  leading  from  exits  to  main  fly;  W, 

Numerals  1  to  9.  compartments  of  multiple  choice  box;  a,  attachment  of 
cord  to  entrance  door,  t,  of  compartment  9;  b,  screw  eye  for  cord;  c,  screw  eye 
at  entrance  to  observer's  utom;  d.  wooden  button  on  cord;  under  d  is  a  small 
brass  pulley  for  cord;  h,  i,  j,  k,  indicate  course  of  cord  from  exit  door  of  com- 
partment 9  to  key-board;  x.  metal  cover  for  food  receptacle  of  compartment 
9;  z,  food  receptad:;  of  compartment  4. 
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building  and  fly.  We  shall  give  a  more  detailed  description  of 
the  experimental  device. 

The  latter  is  shown  faiily  well  fiom  different  points  of  view 
in  the  parts  of  figure  1.  Figure  1  C  is  a  view  of  the  multiple 
choice  box  from  the  front,  that  is,  the  side  of  approach  by  the 
subject.  All  the  entrance  doors  are  closed.  Figure  1  E  shows 
the  apparatus  from  the  same  point  of  view,  with  the  entrance 
doors  1  to  6  and  the  exit  door  2  open.  Figure  1  D,  instead, 
shows  the  apparatus  from  the  opposite  side,  with  the  several  exit 
doors  closed. 

By  referring  now  to  both  figures  1  and  2,  we  should  be  able 
to  obtain  a  clear  idea  of  the  construction  of  the  experimental 
mechanism  and  its  use. 

The  multiple  choice  box,  as  we  shall  call  it,  appears  in  ground 
plan  as  E  of  figure  2.  It  is  divided  into  nine  like  compartments, 
each  with  a  door  at  both  ends,  opening  outward.  The  outside 
measurements  of  the  multiple  choice  box  are  81  inches  long  by 
20  inches  A\4de  by  15  inches  high.  The  frame  of  the  box  is  made 
of  2  by  2  inch  stock,  and  the  floor,  ends,  partitions,  and  doors, 
of  half-inch  stock.  The  top,  which  is  hinged  for  convenience 
of  access,  consists  of  wire  netting,  1\  inch  mesh,  on  a  wooden 
frame.  On  the  inside,  each  of  the  nine  compartments  is  19  inches 
long  by  8  inches  wide  by  LS  inches  high.  The  entrance  and 
exit  doors  are  9^  inches  high  by  7|  inches  wide.  All  of  the  doors 
are  mounted  with  spring  hinges  which  hold  them  shut.  On  the 
lower  inner  edge  of  each  exit  door  is  a  piece  of  tin  (x)  which, 
wlien  the  door  is  closed,  projects  2  inches  into  the  compartment 
and  covers  a  hole  (z)  in  the  floor  of  the  compartment  IJ  inches 
in  diameter  by  |-  inches  deep.  These  metal  covers,  as  well  as 
the  holes,  are  represented  in  the  ground  plan  of  the  apparatus, 
figure  1,  x  and  z.  The  use  of  these  holes  is  to  contain  food 
wliich  serves  as  a  reward  for  the  bird  when  the  exit  doors  are 
o])cned. 

The  svstem  of  entrance  and  exit  doors,  nine  of  each,  and  also 
the  main  entrance  door,  labelled  F  in  figure  2,  and  shown  in  the 
exireme  lower  left  corner  of  figure  1  E,  and  the  main  exit  door, 
labelled  G  in  figure  2,  and  shown  at  the  right  end  of  the  mtdtiple 
choice  box  in  figure  1  D,  are  controlled  from  the  experiment  room 
A  by  a  system  of  cords  passing  through  screw  eyes  and  ptdleys. 
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These  cords  are  indicated  by  dotted  lines  where  they  pass  under 
the  floor  of  the  multiple  choice  box  or  under  the  boards  which 
serve  as  an  approach  to  the  box :  Elsewhere  they  appear  as  solid 
lines.  The  arrangement  of  the  cord-system  within  the  experi- 
ment room  is  rather  unsatisfactorily  shown  in  figure  1  F. 

On  a  table,  J,  before  which  the  observer  sits  on  the  stool, 
K,  are  two  groups  of  cords,  each  with  a  wooden  button  attached 
in  a  convenient  position.  The  group  at  the  experimenter's  left 
consists  of  the  cords  connected  with  the  ten  entrance  doors, 
and  the  group  at  the  right,  similarly,  of  those  connected  with 
the  ten  exit  doors. 

We  may  now  trace  the  course  of  the  cords  from  the  doors  of 
compartment  9.  A  cord  is  fastened  at  a  to  the  lower  outer 
comer  of  the  entrance  door  t.  It  thence  passes  through  the 
screw  eye  b  in  the  edge  of  the  approach  board.  From  this  point 
it  extends,  under  the  interrupted  floor  of  the  reaction  .chamber 
H,  to  a  screw  eye,  c,  in  a  block  acioss  the  aperture  leading  to 
the  experiment  loom.  Thence  the  cord  passes  over  a  small 
brass  pulley  at  d  and  through  a  hole  in  the  table  J.  (In  figure 
2  the  pulley  is  hidden  by  the  wooden  button  on  cord.)  It  is 
kept  taut  by  a  lead  weight  under  J.  Similarly,  the  cord  for 
the  exit  door  of  compartment  9  is  attached  to  the  lower  outer 
corner  of  the  door  at  h,  passes  through  the  screw  eyes,  i  and  j, 
to  the  pulley  k,  and  is  kept  taut  by  a  leaden  weight.  The  cords 
for  the  main  entrance  and  exit  doors,  F  and  G,  run  to  the  extreme 
left  and  right  respectively  of  the  experimenter's  table. 

The  experimenter  operates  a  door  by  grasping  the  wooden 
button  shown  on  each  cord  in  figure  1  F  and  pulling  it  toward 
him.  When  he  has  pulled  as  far  as  the  button  will  come,  the 
door  to  which  the  cord  is  attached  stands  wide  open,  and  the" 
leaden  weight  under  the  table  serves  to  hold  it  in  this  position 
as  long  as  the  experimenter  desires.  When  he  wishes  it  closed, 
he  simply  pushes  the  button  back  to  its  former  position,  and 
the  strength  of  the  spring  hinges  suffices  to  overcome  the  pull 
of  the  weight. 

In  order  that  the  bird  should  not  see  and  be  influenced  by  the 
movements  of  the  experimenter,  a  black  curtain  was  hung  before 
the  opening  into  the  experiment  room,  and  through  small  holes 
cut  in  it,  the  experimenter  was  able  to  observe  the  movements 
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of  his  subject.  At  no  time  during  the  investigation  did  the 
crows  give  evidence  of  noticing  the  experimenter  when  they 
w^ere  reacting. 

The  remaining  features  of  the  apparatus  will  be  mentioned 
in  connection  with  the  following  brief  description  of  the  exper- 
imental procedure.  In  preparation  for  a  series  of  trials,  the 
experimenter  opens  each  of  the  exit  doors  and  places  in  each 
food  container  a  small  bit  of  milk-soaked  bread.  He  then  closes 
the  exit  doors,  thus  covering  the  food,  and  takes  his  place  at  K. 
He  next  opens  a  group  of  entrance  doors.  Let  us  suppose,  as 
is  shown  in  figure  1  E,  that  the  doors  numbered  1  to  6  are  opened, 
and,  further,  that  the  compartment  w^hich  may  be  designated 
as  the  correct  one  is  the  first  at  the  subject's  left,  that  is  number 
1.  Having  made  these  preparations,  the  experimenter,  by  means 
of  the  proper  cord,  opens  the  main  entrance  door  F,  and  the 
bird,  either  by  walking  up  the  approach  board  I  or  by  alighting 
on  the  approach  board  L,  on  a  level  with  the  entrance  door, 
is  immediately  able  to  enter  the  reaction  chamber  H,  by  way 
of  the  alley  R.  By  two  wire  partitions  which  appear  as  dotted 
lines  in  figure  2,  it  is  forced  to  walk  straight  ahead  until  it  reaches 
the  center  of  compartment  H.  It  may  then  face  and,  if  it  so 
chooses,  directly  approach  the  central  compartment  of  the  mul- 
tiple choice  box.  But  under  the  circumstances,  with  entrance 
doors  1  to  6  open,  it  would  naturally  swerve  toward  the  left. 

In  case  it  enters  compartment  1,  the  experimenter  quickly 
and  noiselessly  closes  the  entrance  door  after  it,  by  releasing 
the  a])propriate  cord,  and  immediately  thereafter,  opens  the  exit 
door  of  the  compartment  by  pulling  on  the  appropriate  cord.  He, 
thus,  with  one  hand  prevents  the  retreat  of  the  bird  from  the 
comi)artment  and  with  the  other  uncovers  the  food,  so  that  the 
bird  mav  obtain  the  reward  for  a  correct  reaction.  As  soon  as 
tlie  food  has  been  swallowed,  the  crow  steps  out  of  the  compart- 
ment, the  exit  door  is  closed  by  the  experimenter,  and  the  bird 
either  immediately,  or  at  the  experimenter's  pleasure,  is  allowed 
to  return  to  the  fiv  C  bv  wav  of  the  main  exit  door  G. 

If.  instead  of  choosinj^:  the  right  compartment,  the  crow  enters 
some  other  one,  the  ])rocedure  is  difi^erent.  Immediately  upon 
its  entrance,  the  ex])erimenter  closes  the  entrance  door.  He 
then,  with  a  st()])-watch,  measures  a  definite  ]')eriod  during  which 
tile  ])ir(l  is  eonfincd  in  the  com])artment.     This  period  was  varied 
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during  our  experiments  from  15  to  60  seconds,  in  an  attempt  to 
discover  the  most  satisfactory  length  of  confinement.  At  the 
proper  moment,  the  experimenter  opens  the  entrance  door  and 
the  crow  is  allowed  to  retrace  its  steps.  It  may  then  immedi- 
ately make  another  choice.  But  not  imtil  it  enters  the  right 
compartment,  is  it  awarded  with  food  and  allowed  to  return 
to  the  fly.  Thus  punishment  for  incorrect  choices  is  combined 
with  reward  for  correct  choices. 

In  further  description  of  the  apparatus,  it  should  be  said  that 
wire  partitions  at  each  side  of  the  multiple  choice  box,  and 
extending  from  the  lid  of  the  same  to  the  roof  of  the  fly,  prevented 
the  crow  from  walking  or  flying  over  the  box,  while  boards  both 
in  front  of  the  box  and  behind  it  and  on  a  level  with  its  floor  form 
a  floor  which  prevented  the  bird  from  getting  imder  the  box. 
The  only  possible  course  for  the  subject  from  main  entrance 
to  main  exit  door  is  by  way  of  one  of  the  compartments. 

Experience  shortly  indicated  that  the  crows  could  be  used 
most  satisfactorily  if  given  their  trials  alternately,  and  the  method 
finally  settled  upon  was  that  of  admitting  one  crow  to  the  appar- 
atus, allowing  it  to  make  its  choice,  and  then  holding  it  in  the 
passageway  beyond  the  exit  doors  until  the  other  crow  had 
passed  through  the  main  entrance  door  into  the  reaction  chamber. 
Thus,  as  one  subject  emerged  from  a  compartment  of  the  box  E, 
the  other  bird  entered  the  reaction  chamber.  When,  as  some- 
times happened,  the  one  or  the  other  bird  failed  to  respond 
immediately  and  appropriately  and  both  were  in  the  fly,  it  was 
fairly  easy  for  the  experimenter  to  admit  the  proper  bird  by 
carefully  manipulating  the  entrance  door. 

PRELIMINARY  TRAINING 

The  crows  obtained  almost  all  of  their  food  in  the  multiple 
choice  box.  In  order  that  they  should  work  steadily  and  indus- 
triously, it  was  necessary  to  have  the  pieces  of  bread  or  mouse 
meat,  which  was  sometimes  used  instead  of  bread,  very  small. 
It  proved  possible  to  obtain  as  many  as  twenty  reactions  per 
day  from  each  bird,  in  series  usually  of  five  each. 

We  shall  now  consider  the  course  of  experimentation  and  its 
results.  One  June  21st,  the  crows  having  attained  ability  to 
feed  ther^s^^^er    ^reli^ina*'^  trqining  was  undertaken,  and  from 
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exhibited  no  fear,  rapidly  became  familiar  with  the  apparatus, 
and  acquired  skill  in  making  the  trip  from  the  main  fly,  through 
the  experiment  compartment,  back  to  the  fly.  For  several 
days,  both  the  entrance  and  the  exit  doors  of  the  compartments 
were  kept  open.  Then  the  situation  was  changed  by  the  closing 
of  the  exit  doors,  and  the  crows  were  trained  to  enter  a  compart- 
ment and  wait  for  their  food. 

On  June  27th,  the  first  series  of  trials  worthy  of  special  mention 
was  given.  The  apparatus  was  in  perfect  working  condition. 
Food  was  placed  on  the  floors  of  the  several  compartments;  the 
exit  doors  were  closed  and  the  entrance  doors  were  open.  The 
main  entrance  door  was  opened,  and  both  birds  were  allowed 
to  enter  the  reaction  chamber  and  go  to  the  compartments  for 
food.  As  they  entered  the  compartments,  the  exit  doors  were 
opened  and  the  entrance  doors  closed.  Thus,  by  a  series  of 
trials  they  were  habituated  to  the  opening  and  closing  of  the 
doors  and  were  taught  to  make  the  circuit  promptly  from  the 
main  fly  back  to  the  same  by  way  of  the  multiple  choice  box. 

On  the  following  day,  June  28th,  the  food  was  placed  in  the 
food  containers  and  the  exit  doors  were  closed.  Number  3 
entered  the  compartments  rapidly  and  made  the  circuit  usually 
without  delay,  but  number  4  at  first  refused  to  enter  the  compart- 
ments. Within  two  days,  it,  however,  was  readily  entering, 
in  its  search  for  food. 

On  June  28th,  only  three  or  four  of  the  entrance  doors  to  the 
compartments  were  opened  at  any  one  time.  In  the  previous 
preliminary  training  all  of  the  doors  had  been  opened.  Neither 
bird  showed  any  marked  preference  for  a  particular  compartment 
in  the  multiple  choice  box. 

On  June  vSOth,  the  method  was  tried  of  confining  one  of  the 
crows  in  the  crow  room  B,  of  figure  2,  while  the  other  was  given 
its  trials.  Later  in  the  day,  the  birds  were  given  another  series 
of  trials  alternately,  the  one  being  kept  in  the  exit  alley  as 
described  on  page  83,  until  the  other  had  entered  the  reaction 
chamber.  This  method  proved  satisfactory  and  was  later 
cm])loyed  to  the  exclusion  of  the  former. 

Up  to  this  point,  the  two  subjects  adapted  themselves  to  the 
difTcrent  situations  with  almost  equal  rapidity.  Number  4  was 
somewhat  less  willing  to  try  new  things  than  number  3,  and 
seemed  to  be  hampered  by  its  shyness. 
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A  significant  incident  is  the  following.  In  one  of  the  trials* 
number  4  accidentally  fell  through  a  five  inch  space  which  had 
been  left  before  the  entrance  doors  in  order  that  the  crow  should 
not  too  closely  approach  a  compartment  tmless  it  intended  to 
enter  it.  The  bird  fell  to  the  ground  beneath  the  apparatus, 
finding  there  some  pieces  of  bread  which  had  been  dropped 
earlier  in  the  day.  Naturally  enough,  it  ate  them  before  it 
could  be  induced  to  rettirn  to  the  fly.  Ever  thereafter,  until 
this  crack  had  been  closed,  this  bird,  as  it  approached  the  com- 
partments, would  look  through  the  crack  to  the  ground.  Several 
times  it  flew  down  in  search  of  food. 

RESULTS,  PROBLEM  1 

With  the  final  series  of  trials  given  on  June  30th,  regular 
experiments  were  initiated.  The  problem  which  the  birds  were 
required  to  solve  was  that  oj  learning  to  select  the  first  open  door 
at  the  right. 

Ten  settings  as  we  shall  call  them,  were  chosen  by  the  exper- 
imenters. These  are  given  below,  numbered  1  to  10.  After 
each  number  appears  the  series  of  open  doors;  in  the  next  column, 
the  total  number  of  doors  open;  and  finally  in  the  last  column, 
the  number  of  the  right  compartment  in  which  the  reward  of 
food  might  be  obtained. 

Problem  L    First  door  at  the  subject's  right  to  be  chosen 
Settings  Doors  open  No.  of  doors  open  No.  of  right  door 


1.. 
2.. 
3.. 
4.. 
5.. 
6.. 
7.. 
8.. 
9.. 
10.. 


ff         ■     \J     •     ^     •         ■         •         •         4 

^  .  O  .  fr 

3.4.5.6.7 


.1.2.. 
.2.3.4 
.6.7.8 
.3.4.5 
.2.3.4 
.1.2.3 
.7.8.9 


5.6 


5.6 


..5.. 


•  •  ^^  •  •  •  • 

•  •  %j  •  •  •  • 

•  •  %j  •  •  •  ■ 

•  •  ^^  •  •  ■  • 

•  •   %J    a  •  •  ■ 


..9 
..4 
..7 
..2 
..6 
..8 
..5 
..6 
..3 
..9 


In  this  series  of  ten  settings,  a  total  of  thirty-five  doors  were 
open,  of  which  number,  ten  were  of  course  **right  doors.**  Con- 
sequently, the  chance  of  a  selection  of  the  right  door,  without 
previous  experience  or  trial,  is  one  to  two  and  one-half. 

In  general,  it  was  the  purpose  of  the  experimenter,  as  far  as 
possible,  to  follow  through  this  series  of  settings  from  1  to  10, 
j^nd  then  to  return  to  the  beginning  and  repeat  the  series.     No 
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iiTients  -.vere  resumed  at  the  point  of  ir.temiption  of  the  regular 
serlef:  of  settings.  Thus,  if  five  tria-s  were  given,  beginning  with 
setting  1  and  extending  through  setting  5.  the  next  series  would 
begin  \^-:th  setting  6  and  continue  through  setting   10. 

As  a  matter  of  convenience,  it  was  also  decided  to  have  the 
two  crows  v.-ork  on  diiterent  settings.  For  example,  while  crow 
3  was  presented  with  the  settings  1  to  5.  crow  4  would  be  presented 
with  .settings  6  to  10.  This  enabled  the  experimenter  to  avoid 
the  necessity  of  refilling  the  food  containers  after  each  trial, 
and  it  also  prevented  the  crows  from  developing  the  tendency 
to  follov.-  one  another  by  sensor\'  cues. 

After  a  ver>'  few  days  of  experimentation,  both  birds  reacted 
with  remarkable  alacritv  and  facilitv.  Thev  were,  as  a  rule, 
prompt  to  enter  the  reaction  area  and  almost  as  prompt  to 
leave  the  exit  area. 

In  the  initial  regular  experiments,  thirty  seconds  confinement 
in  the  wrong  compartm^ent  was  used  as  punishment  for  mistakes. 
But  it  shor.ly  appeared  that  this  was  too  long  an  inter\"al,  for 
the  birds  hesitated  to  enter  any  of  the  compartments  after  a 
half  minute  confinement  in  one  of  them.  It  was  therefore 
decided  to  use  the  period  of  fifteen  seconds  as  punishment  for 
incorrect  choices.  Es]Xrcially  during  the  early  experiments,  the 
crows  often  exhibited  considerable  fear  and  excitement  when 
shut  in  the  small  compartments.  This  diminished  toward  the 
end  of  our  work,  and  it  was  then  possible  to  confine  them  for 
a  half  minute  or  even  a  minute  without  causing  disturbing 
excitement. 

The  exijcrimenter  keot.  as  a  matter  of  routine,  a  record  of  the 
time  from  admission  to  the  reaction  chamber  to  entrance  into 
the  ri^'ht  compartment.  There  is  no  special  reason  to -consider 
those  records  .si;(nificant,  and  we  shall  omit  them  from  this  report. 

Careful  record  v.as  also  kept  of  the  chief  features  of  the  behavior 
of  the  bird  durin;^  this  interval.  The  simple  system  of  symbols, 
v.hif.h  a:;pears  below,  was  adoi^ted  for  this  pur|X)se. 

O,  to  center  of  the  reaction  area 
r.  to  left  hand  far  comer  of  the  area 
-|,  to  riL'ht  hand  far  comer  of  the  area 
L.  to  left  hand  near  comer  of  the  area 
J.  to  risrhi  hand  near  comer  of  the  area 
u.  t'.»  center  of  the  near  side  oi  the  area 
C,  to  center  of  the  left  s-ide  of  the  area 
3.  to  cente*r  of  the  ri;:ht  side  of  the  area 


A  STUDY  OF  THE  BEHAVIOR  OF  THE  CROW  87 

If  the  crow  merely  looked  into  one  of  the  compartments  with- 
out entering,  the  number  of  the  compartment  was  recorded. 

If  it,  instead,  entered  a  compartment,  the  number  was  under- 
scored. In  case  the  compartment  entered  happened  to  be  a 
*' wrong  one*',  the  time  of  entrance  was  placed  in  parenthesis 
immediately  after  the  number  of  the  compartment.  When  the 
time  exceeded  a  minute,  the  number  indicating  the  minutes 
was  placed  in  a  circle.  For  less  frequent  forms  of  behavior, 
other  provisions  were  found  convenient,  and  by  the  use  of  symbols 
and  other  abbreviations  it  was  foimd  easy  to  obtain  a  fairly 
complete  description  of  the  subject's  behavior. 

To  illustrate  the  use  of  the  above  symbols,  the  following  record 
of  a  trial  (trial  32  of  number  3  on  July  23),  setting  1.2,  is  presented. 

4,  3.  L,  J,  L,  ©,  L,  o»  L.  1.  L,  ®,  (trying  to  get  out  of  area), 
L.  J.  ®,  J.  L,  J,  (pkd.  at  hole  in  floor),  ®,  1,  o.  L,  9,  ®,  ®, 
®,  O,  n  L,  2,  ®.  1,  2,    8'  13'. 

In  this  trial,  crow  number  3  did  not  enter  the  wrong  compartment 
at  all.  The  time  between  the  fifth  and  the  seventh  minutes  was 
spent  before  compartment  9. 

It  was  decided  by  the  experimenters  that  when  a  crow  had 
made  ten  correct  choices  in  succession,  its  training  should  be 
considered  complete,  or  in  other  words,  it  should  be  said  to  have 
solved  the  problem. 

In  the  case  of  the  problem  in  question,  crow  number  3  at  the 
end  of  thirty-two  trials  Had  entered  the  right  compartment 
twelve  times  in  succession,  but  in  several  of  these  trials  it  had 
been  aided  by  the  experimenter,  who  moved  the  exit  door  slightly 
in  order  to  attract  the  attention  of  the  bird  after  it  had  for 
several  minutes  refused  to  enter  any  compartment. 

In  the  accompanying  table  1,  a  simimary  of  the  trials  for 
each  of  the  birds  in  problem  1  appears.  At  the  head  of  the 
several  columns  are  the  settings  numbered  1  to  10,  with  the 
right  number  in  bold  faced  type.  In  the  first  column  at  the 
left,  under  each  of  the  several  settings,  appears  the  number  of 
the  trial  and  the  series  of  compartments  entered.  Thus,  for 
example,  referring  to  the  results  for  crow  number  3,  in  trial 
number  5,  which  was  the  first  trial  in  the  regular  series,  the  bird 
entered  com^^'^^^^^nt  8  ?»nd  then  compartment  9.     In  t^^l  6, 
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letter  a,  following  a  number,  indicates  that  the  bird  was  aided 
in  its  choice  by  the  experimenter. 

It  is  possible  by  careful  study  of  this  and  succeeding  tables  to 
discover  the  reactive  tendencies  of  the  organism,  and  to  note 
both  the  appearance  and  the  disappearance  of  the  same. 

Problem  1,  the  first  door  at  the  right,  proved  a  very  easy  one 
for  both  crows.  It  was  mastered  by  number  3  after  fifty-five 
trials,  and  by  number  4  after  fifty-one  trials. 

Table  2  presents  the  results  of  the  various  series  of  trials, 
ranging  in  number  from  three  to  five  for  each  subject.  The 
number  of  successes  and  failures  in  each  series  and  the  ratio  of 
successes  to  failures  for  each  day  appear.  The  letter  R  in  this 
table  indicates  correct  first  choices,  the  letter  W,  incorrect  first 
choices.     The  table  has  to  do  only  with  first  choices. 

In  contrast  with  the  above  results  in  problem  1,  the  first  door 
at  the  right,  we  present  in  table  3  a  summary  of  the  results  for 
problem  la,  the  first  door  at  the  left,  the  trials  for  which  were 
given  not  immediately  after  those  just  described  but  at  the  end 
of  the  season,  and  after  the  crows  had  for  several  weeks  worked 
on  problem  2,  the  second  door  at  the  left.  Naturally  the  influence 
of  their  training  to  go  to  the  second  door  retarded  the  formation 
of  the  habit  of  choosing  the  first  door  at  the  left.  For  the  satis- 
factory solution  of  the  problem,  one  hundred  trials  were  required 
by  each  bird.  Doubtless  a  change  of  experimenters  after  trial 
75  somewhat  delayed  progress.  The  results  which  appear  in 
tables  3  and  4  demand  no  further  comment. 

Recurring  now  to  problem  1 ,  it  is  obvious  that  from  the  human 
point  of  view  this  is  a  very  simple  problem.  The  crows  solved 
it  readily,  l.nit  in  the  course  of  their  work  they  frequently  exper- 
ienced discouragement  and  were  aided  in  a  considerable  number 
of  their  early  trials  by  the  experimenter.  Doubtless  our  results 
would  be  more  significant  had  this  aid  been  withheld,  but  at 
the  outset  of  our  work  we  hesitated  to  run  the  risk  of  spoiling 
our  subjects  by  over-discouraging  them.  In  problem  la,  no  aid 
was  needed. 

Varied  reactive  tendencies  do  not  appear  in  connection  with 
this  problem.  \'ery  few  wrong  choices  were  made.  Conse- 
quently, all  that  can  be  gleaned  from  the  results  is  a  general 
knowledj^^e  of  the  behavior  of  the  crow  in  the  face  of  a  certain 
fairly  siin])le  experimental  situation. 
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TABLE  4 

Daily  Series  and  Averages  with  Ratios  of  Correct  to  Incorrect 

First  Choices 

Prcslem  1a 

Crow  Number  3  Crow  Nvimbec  4 


Nn 

Ratio 

No 

Ratio 

Date 

ol 
trials 

of 
R  toW 

Date 

of 
trials 

K 

W 

R 

w 

of 
RtoW 

Aug.    8 

5 

5 

1 
? 

4 
3 

AUR.    8 

i 

2 
4 

3 
1 

5 

10 

1 

10 

f^ 

b 
5 
5 

2 

3 

? 

5 
5 

I 
3 
3 

4 
2 
? 

h 

? 

'P: 

1 

4 

l:.8t 

b 

4 

1 

11 

<1 

1:.82 

I      10 

5 
5 

3 
4 

2 

1 

p. 

"     10 

5 
5 

2 

3 

1 

h 

X 

IS 

7 

1:.53 

5 

4 

1 

14 

fi 

11.35 

5 
5 

4 
4 
4 

"      4 

5 

4 
4 

4 
1 
1 

5 

4 

1fi 

4 

1:.25 

R 

ri 

?. 

17 

8 

1:.66 

5 
5 

^ 

.1 

M       " 

b 
S 

^ 

^ 

5 

5 

O 

1:.67 

fi 

5 

n 

i?. 

H 

1:.25 

5 

ri 

b 

5 

0 

10 

0 

1:0 

i. 

5 

0 

10 

0 

1;0 

RESULTS,  PROBLEM  2 
Our  second  problem,  which  we  arranged  as  a  more  difficult 
one  than  the  first,  proved  for  the  crows  much  more  difficult 
than  we  had  expected.  It  may  be  described  as  the  problem  of 
the  second  door  at  the  left.  The  series  of  teti  settings  for  this 
problem  is  as  follows: 

Problem  2.     Second  door  at  the  subject's  left  to  be  chosen 
SettinKs  Doorsopen  No.  of  doors  open        No.  of  right  door 

1 7.8.9 3 8 

2 6.7.8.9 4 7 

3 2.3.4.5.6.7 6...' 3 

4 4.5.6.7 4 5 

5 1,2.3.4.5.6 6 2 

6 5,6.7.8-9 5 6 

7 1.2.3.4.5.6.7.8.9 9 2 

8 3.4-5.6,7,8 6 4 

9 7.8.9 3 8 

10 2.3.4.5 4 3 
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For  these  ten  settings  the  total  number  of  doors  open  is  fifty, 
of  which  ten  are  "right  doors."  The  chance  of  a  correct  fijist 
choice,  without  previous  experience  or  the  prejudical  influence 
of  training  in  problem  1,  is  one  to  four. 

In  this  problem,  the  first  fifty  trials  were  given  to  the  crows 
in  groups  of  two  and  three  each.  The  birds  made  so  many 
mistakes  at  the  beginning  that  they  became  discouraged,  and 
after  two  or  three  trials,  would  refuse  to  work.  Later,  as  they 
became  accustomed  to  the  situation  and  the  experiment^ 
increased  the  degree  of  hunger,  they  cotild  be  induced  to  react 
five  times  in  succession.  Consequently  the  nimiber  of  trials 
per  series  was  increased  to  five. 

Now,  as  in  the  case  of  problem  1,  the  experimenter  was  forced, 
in  order  to  avoid  the  possibility  of  utterly  discouraging  his 
subjects,  to  aid  them  after  they  had  worked  for  several  minutes 
without  success  in  locating  the  right  door.  This  was  always 
done  by  slightly  moving  the  exit  door  of  the  right  compartment. 

After  sixty-one  trials  had  been  given,  the  period  of  punishment 
was  increased  from  fifteen  seconds  to  thirty  seconds.  The 
thirty-second  interval  was  used  up  to  the  four  hundred  and 
sixtieth  trial.  It  was  then  increased  to  sixty  seconds,  but  as 
the  crows  refused  to  work,  it  was  decreased  after  forty  trials 
to  fifteen  seconds. 

After  the  fiftieth  trial,  the  series  regularly  consisted  of  five 
trials,  and  four  series  were,  as  a  rule,  given  each  day. 

Table  5  presents  for  problem  2,  as  does  table  1  for  problem  1, 
a  summary  of  the  choices  for  each  of  five  hundred  trials  given 
each  crow.  As  in  table  1,  the  settings  are  indicated  at  the  top 
of  the  various  coltimns,  and  under  each  setting  appear  the  results 
of  the  various  trials  for  that  particular  setting. 

It  appears  from  table  5  that  number  3,  in  the  case  of  setting 
No.  1,  7-9,  failed  with  few  exceptions  in  its  first  choices  until 
the  three  hundred  and  forty-third  trial,  whereas  thereafter  it 
usually  succeeded.  On  the  contrary,  in  the  case  of  setting  No. 
6,  5-9,  we  observe  that  the  bird  almost  never  succeeded  in  selecting 
the  right  compartment  in  the  first  trial.  Moreover,  there  is 
absolutely  no  evidence  of  improvement. 
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TAB 
Results  for  Crow  Nu 


S.  1 

S.2 

S.3 

S.4 

S.5 

T. 

7.8.9 

T. 
2 

6.7.8.9 

T. 
3 

2.3.4.5.6.7 

T. 

4 

4.5.6.7 

T. 

5 

1.2.3.4.5.6 

1 

9.8 

9.7 

/7.6.7.7 

\7.7.3a 

6.7.5a 

6.2a 

11 

8a 

12 

7a 

13 

3 

14 

5a 

15 

2 

21 

/9.9.9.7 
\9.8 

22 

9.7a 

23 

2.6.7.3a 

24 

/4.7.4.4 
\4.5a 

25 

1.2a 

31 

7.9.8 

32 

6.9.7 

33 

4.3a 

34 

4.4.7.5 

35 

4.4.3.2 

41 

8 

42 

6.6.7 

43 

3 

44 

4.4.5 

45 

3.2 

51 

7.9.8 

52 

r6.6.6.6 

53 

2.3 

54 

4.4.4.5 

55 

3.2 

61 

7.8 

62 

6.7 

63 

3 

64 

/4.4.4.4 
\4.7.5 

65 

2 

71 

/7.9.7.7 
\7.8 

72 

/6.8.6.6 
\6.7 

73 

/2.2.2.7 

\2.3 

74 

/4.4.6.7 

75 

2 

\7.7.5 

67 

6.7 

81 

7.8 

82 

8.9.7 

83 

/4.5.6.7 

84 

/4.4.7.7 
\7.4.4.5 

85 

1.1.2 

\7.7.7.3 

91 

7.8 

92 

6.7 

93 

/5.6.7.7.7.6 
\4.5.7.2.3 

94 

4.5 

95 

2 

103 

7.8 

104 

6.7 

105 

4.5.6.7.3 

106 

/6.7.7.7.6 
\4.7.4.5 

107 

/3.4.5.1.1.1 
\3.1.1.5.3.2 

113 

8 

114 

6.7 

115 

7.7.7.3 

116 

7.5 

117 

2 

123 

7.8 

124 

6.7 

125 

3 

126 

4.5 

127 

2 

133 

7.8 

134 

6.7 

135 

3 

136 

5 

137 

3.4.5.1.2 

143 

7.8 

144 

6.7 

145 

/4.5.6.7.5 
\6.2.2.3 

146 

4.5 

147 

1.2 

153 

7.8 

154 

6.7 

155 

2.3 

156 

4.5 

157 

2 

163 

7.8 

164 

6.7 

165 

2.3 

166 

4.5 

167 

1.2 

173 

7.8 

174 

6.7 

175 

2.3 

176 

4.5 

177 

1.2 

183 

7.8 

184 

6.7 

185 

2.3 

186 

4.5 

187 

1.2 

193 

7.8 

194 

6.7 

195 

2.3 

196 

6.7.4.5 

197 

2 

204 

6.7 

205 

3 

206 

4.5 

207 

/3.4.5.6 

U.2 

213 

7.8 

214 

6.6.7 

215 

2.3 

216 

4.5 

217 

2 

223 

8 

224 

6.7 

225 

4.5.2.3 

226 

4.5 

227 

3.4.5.1.2 

233;  7.8 

234 

6.7 

235 

3 

236 

4.5 

237 

2 

243  8 

244 

7 

245 

2.3 

246 

7.5 

247 

1.2 

7.7.7.7.7 

253 ''.7.7.7.7.7 

254 

6.6.7 

255 

3 

256 

/4.4.4.4 

\4.7.5 

257 

3.4.2 

[7. 7. 7.8a 

263  8 

264 

8.7 

265 

3 

266 

4.6.7.5 

267 

2 

273  7.7.8 

274 

9.6.8.7 

275 

/4.2.2.6 
;5.3 
3 

276 

4.4.4.7.5 

277 

3.2 

283 

7.7.8 

28^1 

8.7 

285 

286 

287 

3.2 
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LE  5 

MBER3  INPR(mLEM2 


• 

S.6 

S.7 

S.8 

S.9 

S.10 

T. 

5.6.7.8.9 

T. 
7 

1.2.3.4.5 
6.7.8.9 

T. 

3.4*5.6.7.8 

T. 

7.8.9 

T. 

23.4.5 

6 

8.9.9.6a 

2a 

8 

3.4a 

9 

9.8a 

10 

3a 

16 

6a 

17 

2a 

18 

4a 

19 

8 

20 

3a 

26 

6a 

27 

2a 

28 

4a 

29 

8 

30 

3 

36 

/5.8.7.5 
\5.5.6a 

37 

3.2 

38 

/3.3.3.3 
\3.3.3.4 

39 

7.8a 

40 

3 

46 

5.5.6a 

47 

2 

48 

4 

49 

/7.7.7.7.7 
\7.7.9.7.8a 

50 

4.2.3 

56 

5.6 

57 

2 

58 

3.3.3.3.4 

59 

/7. 7.7.9.7 
\7.9.7.8 

60 

2.3 

66 

8.9.7.6 

68 

/3.3.6.8 
\5.6.4 

69 

8 

70 

3 

76 

8.5.6 

77 

2  . 

78 

3.4 

79 

7.8 

80 

• 

3 

86 

6 

87 

1.2 

88 

4 

89 

7.8 

90 

2.3 

96 

6 

97 

2 

98 

5.6 

99 

2 

100 

3.3.6.4 

101 

7.8 

102 

3 

108 

/7.8.9.5 
\8.6 

109 

/3.4.5.1 

\2 

110 

3.3.3.3.4 

111 

7.8 

112 

2.2.3 

118 

5.5.6 

119 

3.4.2 

120 

3.4 

121 

7.8 

122 

2.3 

128 

7.8.9.6 

129 

3.4.5.2 

130 

3.4 

131 

7.8 

132 

2.4.5.2.3 

138 

/7.8.5.8 
\9.6 

139 

1.2 

140 

3.4 

141 

8 

142 

2.3 

* 

[3.4.5.6.7 

148 

6 

149 

8.9.5.5 
6.7.8.2 

150 

3.4 

151 

7.7.7.8 

152 

2.3 

158 

8.9.5.5.6 

159 

2 

160 

3.4 

161 

7.8 

162 

2.3 

168 

5.6 

169 

2 

170 

3.4 

171 

7.8 

172 

3 

178 

5.6 

179 

1.2 

180 

3.4 

181 

7.8 

182 

2.3 

188 

5.6 

189 

2 

190 

4 

191 

7.8 

192 

3 

198 

5.6 

199 

2 

200 

4 

201 

7.8 

202 

/4.5.5.5 
\2.3 

203 

5.6 

208 

5.6a 

209 

1.2 

210 

/8.8.3.3 

\3.4 

211 

8a 

212 

2.3 

218 

7.8.8.6a 

219 

2 

220 

4 

221 

8 

222 

4.5.4.2.3 

228 

8.9.6 

229 

2 

230 

4 

231 

7.8 

232 

4.5.2.3 

238 

8.9.7.6 

239 

/3.4.5.6 

\7.2 

240 

3.3.3.3.4 

241 

8 

242 

3 

248 

5.6 

249 

2 

250 

3.3.3.6.5.4 

251 

7.7.8a 

252 

3 

258 

5.6 

259 

2 

260 

/3.3.3.7.8 
\7.5.3.3.4 

261 

7.7.8 

262 

3 

268 

7.6 

269 

1.2 

270 

/7.3.8.6.8 
\6.3.3.4 

271 

7.8 

272 

3 

278 

8.7.6 

279 

3.2 

280 

8.7.6.4 

281 

7.8 

282 

3 

288 

9.8.7.6 

289 

3.1.2 

290 

4 

291 

7.7.8 

292 

4.3 
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TABLE 
Results  for  Crow  Number 


S.1 

S.2 

S.3 

S.4 

S.5 

T. 

7.8.9 

T. 
294 

6.7.8.9 

T. 

295 

2.3.4.5.6.7 

T. 

296 

4.5.6.7 

T. 
297 

1.2.3.4.5.6 

293 

8 

8.7 

3 

4.4.5 

3.2 

303 

8 

304 

6.7 

305 

5.4.3 

306 

/4.4.7.6.4 
\6.4.6.7.5 

307 

3.1.2 

313 

7.7.8 

314 

7 

315 

3 

316 

4.4.4.6.5 

317 

3.2 

323 

8 

324 

8.7 

325 

3 

326 

4.5 

327 

4.3.1.2 

333 

7.8 

334 

8.7 

335 

4.3 

336 

6.7.4.5 

337 

1.2 

343 

8 

344 

6.7 

345 

2.2.3 

346 

7.5 

347 

2 

353 

8 

354 

8.7 

355 

3 

361 

8 

362 

8.7 

363 

2.2.3 

364 

6.5 

365 

3.2 

371 

8 

372 

7 

373 

4.3 

374 

7.6.5 

375 

3.2 

381 

7.8 

382 

7 

383 

4.2.2.3 

384 

4.4.4.5 

385 

2 

391 

8 

392 

8.7 

393 

3 

394 

6.5 

395 

2 

401 

8 

402 

8.7 

403 

3 

404 

6.5 

405 

2 

411 

8 

412 

6.7 

413 

2.2.3 

414 

5 

415 

3.2 

421 

7.8 

422 

6.7 

423 

3 

424 

4.4.4.5 

425 

2 

431 

8 

432 

8.7 

433 

3 

434 

4.5 

435 

1.2 

441 

8 

442 

8.7 

443 

4.3 

444 

6.5 

445 

2 

451 

8 

452 

7 

453 

2.4.3 

454 

4.5 

455 

2 

461 

8 

462 

6.7 

463 

2.4.3 

464 

7.6.5 

465 

2 

471 

8 

472 

8.7 

473 

2.4.3 

474 

7.6.4.5 

475 

/5.4.5.6 

\5.5.4.2 

481 

7.8 

482 

8.7 

483 

3 

484 

7.4.5 

485 

2 

491 

8 

492 

9.8.7a 

493 

2.3 

494 

6.4.5 

495 

4.3.2 

6 
16 

26 

36 

46 

56 


Results  for  Cbow  Nu 


9.9.8a 
8a 

7.8 

8 

7.9.8 

8 


66  i  9.8 
76  I  7.7.8 


86  '   8 


7 
17 

9.7a 
7a 

27 

6.7 

37 

8.9.7 

47 

7 

57 

7 

67 

7a 

77 

/6.8.6.8 
\9.8.7a 

87 

6.8.7 

8 
18 

28 

38 
48 
58 

68 
78 

88 


4.3a 
3 

9 
19 

4.6.7.3 

29 

4.6.2.7 

7.3a 

4.6.5.7.2 

7.7.2.2.3a 

2.7.2.6.3a 

39 
49 
59 

2.3 

69 

2.7.2.6 
2.3 

79 

2.7.7.3 

89 

{ 


5a 
5 

10 
20 

4.6.7.7 

4.4.5a 

7.5a 

30 
40 

5 

50 

4.4.4.7.5 

60 

7.4.7.6.5a 

70 

4.7.5a 

80 

5 

90 

{ 


2a 

5.6.6.6 
2a 
4.5.3.2b 

2a 

3.6.2 

2 

3.2 
2a 


6.1.4.62 
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Continued 

3  IN  Problem  2 — Continued 


S.6 

• 

S.7 

S.8 

S.9 

S.  10 

T. 

5.6.7.8.9 

T. 
299 

1.2.3.4.5. 
6.7.8.9 

T. 
300 

3.4.5.6.7.8. 

T. 

301 

7.8.9 

T. 

2.3.4.5 

298 

8.7.6 

2 

4 

7.7.8 

302 

4.3 

308 

5.6 

309 

8.7.5.3.2 

310 

7.6.4 

311 

8 

312 

5.3 

318 

7.6 

319 

2 

320 

8.7.6.5.4 

321 

7.8 

322 

4.3 

328 

7.6 

329 

4.3.1.2 

3  0 

3.4 

331 

8 

332 

5.5.3 

338 

8.6 

339 

1.2 

340 

3.3.3.4 

341 

7.7.7.8 

342 

4.3 

348 

7.6 

349 

/4.3.4.3 
\1.1.2 

350 

3.3.3.4 

351 

7.8 

352 

5.4.3 

356 

7.8.7.6 

357 

2 

358 

8.7.5.4 

359 

8 

360 

3 

366 

7.6 

367 

4.3.2 

368 

5.4 

369 

8 

370 

5.4.3 

376 

8.7.6 

377 

3.2 

378 

6.5.4 

379 

8 

380 

2.3 

386 

8.7.6 

387 

2 

388 

7.6.5.4 

389 

9.8 

390 

5.4.3 

396 

8.7.6 

397 

2 

398 

5.4 

399 

7.7.8 

400 

2.2.2.3 

406 

7.6 

407 

2 

408 

8.7.6.5.4 

409 

7.7.8 

410 

3 

416 

7.6 

417 

4.3.2 

418 

3.3.4 

419 

8 

420 

4.3 

426 

5.5.6 

427 

3.2 

428 

3.4 

429 

8 

430 

3 

436 

8.6 

437 

3.2 

438 

3.4 

439 

7.8 

440 

2.4.4.3 

446 

6 

447 

2 

448 

6.5.4 

449 

8 

450 

2.2.4.3 

456 

8.7.6 

457 

1.2 

458 

6.7.5.4 

459 

7.8 

460 

2.2.3 

466 

7.6 
[8.7.9.8 

467 

3.2 

468 

3.5.4 

469 

7.8 

470 

2.3 

476 

-7.8.8.7 
8.8.6 
8.7.8.5 

477 

2 

478 

4 

479 

8 

480 

5.4.3 

486 

7.7.9.8 
8.6a 

487 

2 

488 

3.4a 

489 

7.8 

490 

2.2.3 

496 

/9.8.8.8 
\5.6 

497 

2 

498 

3.3.4 

499 

9.9.8 
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3 

MBER  4  IN  Problem  2 


1 

9.9.6a 

11 

21 

6a 
6 

31 

41 

/5.9.5.9.8 
\5.9.5.6a 
9.9.6a 

51 

5.9.8.6 

61 
71 

[9.5.7.9 
-7.9.8.7 
9.5.8.6a 
9.8.6 

81 

/8.9.8.7 
\6 

91 

8.8.6 

12 
22 

32 

42 

52 


62 
72 


82 


92 


2a 

3.2a 
5.6.6.8.2 

4.2 

1.6.2a 

3.2 


8 


^8.4.7.1 
8.9.1.4 
[8.4.2a 


13 
23 

33 

43 

53 


63 
73 
83 


93 


{ 


4a 

4 

4a 

4 

14 
24 

3.3.3.4a 

34 

5.8.3.8 
4a 

44 
54 

3.8.4 

64 

3.8.8.4a 

74 

3.4 

84 

4 

94 

7.8 

8a 

7.8 

8 

7.9.7.8 

8 


8 

7.9.8 

8 

7.7  8 


15 
25 

35 

45 

55 

65 
75 
85 

95 


[5.5.2.2 
[5.5. 3a 
4.3a 
r4.5.5.2 

f5. 5. 2.5.2 
[5. 5. 2. 3a 
4.3 

4.5.3 


2.5.3a 

2.5.2.4.3 

2.2.3a 
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TABLE 
Results  for  Crow  Nu 


S.  1 

S.2 

S.3 

S.4 

8.5 

T. 

7.8.9 

T. 
97 

6.7.8.9 

T. 

2.3.4.5.6.7 

T. 

4.5.6.7 

T. 

1.2.3.4.5.6 

96 

9.8 

/8.8.8.6 
\8.7a 

98 

/7.9.7.7 
17.7.7.8 

99 

8.9.9.7 

100 

/7.4.2.6 

\2.4.4.3a 

101 

/7. 7.6.4 

102 

2 

\4.5 

108 

'7.9.8 

109 

6.9.8.7 

110 

3 

111 

/4.7.4.4 
\6.4.6.5 

112 

2 

118 

8 

119 

6.8.7 

120 

/2.6.4.6 

\2.7.3 

121 

4.6.4.5a 

122 

1.1.4.2 

128 

7.8 

129 

7 

130 

3 

131 

/4.6.6.4 
\6.7.4.5 

132 

/1.3.3.1 

\5.2 

138 

7.8 

139 

7 

140 

2.4.2.3 

141 

4.6.5 

142 

1.3.2 

148 

7.8 

149 

/8.6.8.6 
\6.8.6.6.7 

150 

/5.2.7.2 
\5. 2.4. 2.3 

151 

4.5a 

152 

2 

158 

8 

159 

8.8  8.7 

160 

3 

161 

4.4.5 

162 

2 

168 

7.7.8 

169 

6.8.8.7 

170 

2.3 

171 

5 

172 

1.6.4.2 

178 

8 

179 

7 

180 

/5.2.2.6 

\4.3 

181 

/6.4.4.7 
\4.6.6.5 

182 

2 

1881  8 

189 

7 

190 

4.2.3 

191 

5 

192 

1.3.2 

198  7.8 

1 

199 

6.7 

200 

4.2.3 

201 

6.5 

202 

3.1.4.2 

208 

8 

209 

7 

210 

5.3 

211 

/4.4.7.6 

\4.5a 

212 

2 

218  i  8 

219 

/8.6.6.9 

17 
6.7 

220 

4.3 

221 

7.5 

222 

2 

228'  7.8 

229 

230 

2.4.3 

231 

/4. 4. 4. 7.4 
\4.6.4.4.5 

232 

1.3.2 

1 

238  7.8 

239 

7 

240 

3 

241 

7.7.4.5 

242 

2 

248'  8 

249 

7 

250 

2.3 

251 

4.5 

252 

1.2 

258 

7.8 

259 

6.7 

260  2.4.5.6.3 

261 

5 

262 

2 

268 

8 

269 

6.7 

270  1  2.3 

271 

4.5 

272 

1.2 

278 

7.8 

279 

6.7 

280  2.3 

281 

4.5 
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1.3.1.2 

288 

7.9.7.8 

289  6.7 

290  2.3 

291 

5 

292 

1.2 

298  7.8 

299 

6.7 

300  2.4.2.3 

301 

4.5 

302 

/1.3.5.3 

\4.1.2 

1 

308  7.8 

3a) 

7 

310  2.3 

311 

6.7.5 

312 

1.2 

318  8 

319 

8.8.7 

320  '6.7.4.2 

321 

4.5 
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1.3.4.2 

;2.3 

328  8 

329;  7 

330  2.4.2.3 
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5 
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6.3.4.1.2 

338  8 

339:  8.8.6.7 

340  2.2.3 
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5 
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3.2 

348  8 
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7 
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4.5 
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1.2 
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6.7 

358  7.5.2.3 
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7.4.5 

360 

6.3.4.1.2 

36(5  8 
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8.7 

368  /2.4.6.7 

U.5.3 
378  3 

369 

5 

370 

3.4.5.2 

376  7.8 

377 

5.7.8.6* 

379 

5 
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3.4.5.2 

386 

7.8    , 

387 

6.7 

388  i 

2.3 

389 

4.5 

390 

1.3.4.2 
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Cantmuid 

MBER  4  IN  Problem  2 


S.6 

S.  7 
1.2.3.4.5 

S.8 

S.9 

S.10 

T. 

5.6.7.8.9 

T. 
104 

6.7.8.9 

T. 
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3.4.5.6.7.8 

T. 

7.8.9 

T. 

2.3^.5 

103 

6 

8.2 

4 
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9.8 
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3 
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/9. 7.8.7 
\9.8.6 
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/3. 8.7.4 
\6.2 

115 

/3.6.3.3 

\3.4 
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3.6.8.6.4 

126 

/7.7.7.7.. 
\7.8 
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3.4 
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8 
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2.3 
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/8.7.8.7 

16 
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2 
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3.4 
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7.8 
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3 
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8.9.9.6 

164 

2 

165 

3.3.4 

166 

8 

167 

2.2.5.2.3 

173 

8.8.6 
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2 

175 

4 
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8 
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3 

183 

8.6 
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2 

[3.6.7.8 

185 

3.3.3.5.4 

186 

7.7.7.8 
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2.2.3 
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6 

194 

^5.4.6.3 

4.3.2 

195 

4 
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7.9.7.8 
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4.3 
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/7.9.7.7 
\8.6 
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4 
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8 
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8.8.6 
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2 
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3.4a 
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8 
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6 

254  3.4.3.2 
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4 
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8 
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3 
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/7.8.7.8.7 
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2 
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4 
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8 
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• 
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/8.7.7.3 
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276 
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7.8 

287 
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293 
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2 

295 

3.4 

296 

7.8 

297 

2.4.2.3 
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8.6 

304 

1.2 

305 

5.7.6.4 

306 

7.8 

307 

3 
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314 

/1.3.4.5 

315 

316  Q  P 
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2.3 
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324  ^  ^  '   325  '^  ^ 
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6 
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337 
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r 
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\i   6.2 

i 

1 
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374 

/5.7.8.^  372 

373 

371  "  > 

375 

\5.5  '^ 

381 

5.^     382,  .       383 

• 

^^. 

385 

■ 
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TABLE 
Results  for  Crow  Number 


S.  1 

S.2 

S.3 

S.4 

S.5 

T. 

7.8.9 

T. 
397 

6.7.8.9 

T. 
398 

2.3.4.5.6.7 

T. 
399 

4.5.6.7 

T. 
400 

1.2.3.4.5.6 

396 

8 

6.7 

4.4.5.6.3 

4.5 

1.3.4.5.2 

406 

7.8 

407 

8.6.7 

408 

2.3 

409 

4.5 

410 

2 

416 

7.8 

417 

7 

418 

/2.4.5.2.4 

\2.4.2.4.3 

419 

5 

420 

1.2 

426 

7.9.7.8 

427 

6.7 

428 

2.3 

429 

4.6.4.5 

430 

2 

436 

8 

437 

6.7 

438 

3 

439 

5 

440 

6.2 

446 

8 

447 

/6.8.8.6 
\8.6.7 

448 

/2.2.4.5 
16.2.4.2.3 

449 

4.5 

450 

2 

456 

8 

457 

6.7 

458 

2.4.2.3 

459 

4.5 

460 

3.2 

466 

8 

467 

/8.6.8.8 
\6.7 

468 

3 

469 

4.5 

470 

3.4.3.2 

476 

8 
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7 

478 

2.4.5.2.3 

479 

4.5 
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1.2 
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8 

487 

8.7 
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2.4.2.3 
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7.6.5a 
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7.8 

497 

7 
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2.3 
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Concluded 

4  IN  Problem  2— Concluded 


S.6 

S7 
1.2.3.4.5 

S.8 

S.9 

S.10 

T. 

56.7.8.9 

T. 

402 

6.7.8.9 

T. 

3.4.5.6.7.8 

T. 
404 

7.8^ 

T. 

23.4.5 

401 

6 

2 

403 

4 

8 

405 

3 

411 

5.7.8.5.6 

412 

3.4.2 

413 

3.4 

414 

7.9.7.8 

415 

2.3 

421 

/5. 7.5.7 
\8.6 

422 

2 

423 

8.3.4 

424 

7.8 

425 

2.3 

431 

6 

432 

3.4.2 

433 

3.4 

434 

8 

435 

4.3 

441 

6 

442 

2 

443 

6.6.7.3.4 

444 

7.8 
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2.3 

451 

/5.8.8.5 
\7.8.5.6a 
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2 
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3.4 
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8 
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5.6 
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3.1.2 
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464 
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2 
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8 
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2 
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3 
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5.6 
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2 
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Crow  Number  3 

Crow  Number  4 
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Ratio 

No. 
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Date 
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R 

W 

R 

W 

of 
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Date 

of 
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R 

W 

R 

W 
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3 

0 

1" 

a 
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3 
3 

0 

T 

3 

2 

0 

2 

0 

s 

0:8. 

2 

0 

2 

0 

8 

0:8. 
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2 

0 
0 

1 

2 
2 

1 

I     I 
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2 
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0 
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2 
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2 
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1:3. 

2 

0 

2 

0 
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1 

0 

1 

1 

0 
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2 
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0 

0 
0 
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3 
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2 
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0 
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1 
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0 
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2 
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0 
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3 
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2 
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2 
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5 

4 
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5 
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2 
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3     12 
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1:1.5 
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2 
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0 
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2 

5 
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4 

n 
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0 

5 

0 

15 
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0     5 
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1 

4 

2     3  ' 

1 

4 
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3 
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3 
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4 

7 

13 
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0     5 
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1 

4 
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5 

2 

3 

2 

3 

■2     3     4  ,16 
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0 

S 

5 

15 
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5 
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5 

I 
1 
1 

4 

4 
4 

1      4      3     17 
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3 

5 

15 
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■■       IS' 

I 
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■■      19 
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3 
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3 
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4 
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3 
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TABLE  6— CimtHfitfrf 

Daily  Series  and  Averages,  with  Rahos  op  CotRBcr  to  Incorrect 

First  Qioiss 

Problem  2 — Qmtinued 

Crow  Number  3  Crow  Number  4 


No. 

Ratio 

No. 

Ratio 

Date 

of 
trials 

R 

W 

R 

W 

R  to  W 

Date 

of 
trials 

R 

W 

R 

W 

of 
R  to  W 

July  20 

5 
5 

"o 

2 

July  20 

5 

5 

1 
3 

4 
2 

5 

4 

4 

16 

1:4. 

5 

2 

9 

11 

1:1.22 

"     21 

5 
5 
5 

1 
0 

3 

4 
5 

1      21 

5 
5 
5 

0 
3 
3 

2 
2 

5 

1 

4 

4 

16 

1:4. 

5 

1 

4 

7 

13 

1:1.85 

'     22 

5 
5 
5 

3 
1 

2 

2 
4 
3 

•      22 

5 
5 

5 

2 

0 
0 

3 
5 

5 

5 

2 

3 

g 

12 

1:1,50 

5 

1 

4 

3 

W 

1:5.66 

»      23 

5 

2 

3 

2 

3 

1:1.05 

■      23 

5 

3 

2 

3 

2 

1:  .66 

l      ^ 

5 

2 

I      24 

5 

3 

5 

2 

5 

3 

5 

1 

4 

5 

4 

1 

5 

7 

13 

1:1,85 

5 

10 

10 

1:1. 

'      25 

5 
5 
5 

1 
0 

4 

5 

"      ^ 

5 
5 
5 

1 
0 

4 
S 

5 

1 

4 

5 

15 

1-3. 

5 

0 

5 

4 

16 

1:4. 

■      26 

5 
5 
5 

3 

1 
2 

3 
4 

3 

■      26 

5 
5 
5 

0 

1 
1 

6 
4 
4 

5 

2 

3 

7 

13 

1:1.85 

5 

0 

5 

2 

IS 

IS. 

"      27 

5 
5 
5 

1 

4 
4 

4 

■      27 

5 
5 
5 

1 

1 

o 

4 

i 

5 

4 

4 

16 

1.4. 

5 

1 

4 

3 

17 

1:5.66 

;    28 

5 
5 

■ 

3 
4 

I      28 

5 
5 

i 

i 

5 

0 

5 

3 

12 

1:4. 

5 

1 

4 

5 

10 

1:2. 

-     30 

5 

5 
5 

0 

5 

3 
5 

"      ^ 

5 
5 
5 

i 

2 

5 

3 

1 

2 

3 

15 

1:5. 

3 

I 

2 

4 

16 

1:4. 

'   H 

5 
5 

3 

2 
4 

'  ^i 

5 
5 

1 
2 

4 

3 

5 

4 

5 

10 

1:2. 

5 

2 

5 

10 

1:2. 

Aug.    1 

5 

5 
5 

3 
4 
3 

A;jE-  1 

5 
5 
5 

3 

2 

1 

i 

5 

4 

6 

14 

1:2.33 

5 

0 

6 

14 

1:2.33 

5 
5 

2 
4 

5 
5 

0 

I 

5 
4 

5 

3 

2 

7 

8 

1:1.14 

5 

5 

0 

6 

9 

1:1.5 

5 
5 

2 
2 

3 
3 

5 

5 

1 
0 

4 

5 

1 

4 

S 

10 

1:2. 

5 

2 

3 

12 

1:4. 

4 

5 

2 

3 

4 

5 

1 

4 
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TABLE  6— CorKinued 


Crow  Number  3 

Crow  Numba  4 

No. 

RaUo 

No. 

Ratio 

Date 

ot 
trials 

R 

W 

H 

W 

of      . 

Date 

of 

trials 

R 

W  R 

W 

of 
H  to  W 

A?g-    i 

5 
5 

2 
2 

y 

! 

Aug.    4 

5 
5 

1 
2 

4 
3 

5 

0 

6 

14 

1:2.33' 

5 

3 

2    7 

13 

1:1.85 

5 
5 

2 
3 

2 

5 

5 

2 
2 

3 
3 

5 

3 

8 

7 

1:  .87, 

5 

2 

3    6 

9 

1:1.5 

5 

5 
5 

0 
2 

0 

3 
5 

1 

5 
5 

5 

1 
0 
2 

4 
5 
3 

5 

1 

4 

3 

17 

1:5.66^ 

" 

5 

1 

4    4 

16 

1:4. 

5 
5 
5 

2 
2 

1 

i 

4 

5 
5 
5 

2 
2 

1 

3 
3 

4 

5 

1 

4 

6 

14 

1:2,33 

5 

1 

4     6 

14 

1:2.33 

"       8 

5 

2 

3 

2 

3 

1:1.5  , 

"       8 

_^ 

2 

3    2 

3 

1:1.5 

The  summary  of  choices  given  in  table  5  is  chiefly  VBluable 
as  a  means  of  detecting  reactive  tendencies.  But  it  also  indicates 
that  neither  crow  succeeded  in  solving  the  problem.  We  had 
supposed,  from  our  previous  experience,  that  within  two  or 
three  weeks  the  crows  would  be  choosing  the  second  compartment 
at  the  left  with  ease,  but  as  a  matter  of  fact,  with  the  appearance 
and  disappearance  of  the  more  or  less  unsatisfactory  reactive 
tendencies  apparent  in  table  5,  they  continued  their  work  over 
a  period  of  several  weeks  without  mastering  the  situation.  It 
seemed  utterly  useless  to  continue  the  experiment  with  this 
problem  beyond  the  five  hundredth  trial.  Had  there  been  any 
consistent  improvement,  even  although  extremely  slow,  we 
should  ha\-e  felt  justified  in  continuing  the  training. 

The  i>rcscntation  of  results  in  table  6  is  of  interest  primarily 
because  the  reader  can  from  it  see  the  fluctuation  in  the  measure 
of  success  during  the  long  continued  period  of  training.  We 
have  presented  in  this  table  for  each  bird  the  number  ot  ctnrect 
and  incorrect  first  choices  by  scries  of  trials  under  each  date. 
Following  the  results  appear  the  ratios  of  successes  to  failures 
for  c^'ich  day. 
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In  table  7  the  ratios  of  correct  to  incorrect  first  choices  are 
given  for  the  trials  by  groups  of  twenty-five,  in  order  that  the 
influence  of  *'good"  and  **bad"  days  may  be  fairly  distributed. 

TABLE  7 

Ratios  of  Correct  to  Incorrect  First  Choices  in  Problem  2  by 

Groups  of  Twenty-five 


Trials 
1-  25 
26-  50 
51-  75 
76-102 
103-127 
128-152 
153-177 
178-202 
203-227 
228-252 
253-277 
278-302 
303-327 
328-352 
353-375 
376-400 
401-425 
426-450 
451-475 
476-500 


Crow  No.  3 


Crow  No.  4 


7. 
3. 
4. 
2. 
5. 


30 
16 
00 
00 
25 
5.25 
5.25 
3.16 
3.16 
1.50 
2.57 
1.12 
3.16 
7.33 
1.87 
2.12 
1.15 
1.77 
3.16 
2.12 


5.25 
5.25 
3.16 
4.40 
1.77 
1.40 
1.08 
1.77 
1.77 
2.12 
1.50 
11.50 
5.25 
2.57 
1.55 
5.25 
1.77 
1.50 
3.16 
2.12 


The  probability  of  a  correct  choice  in  this  experiment,  supposing 
that  chance  alone  is  involved^  is  one  to  four.  At  the  beginning 
of  the  experiment,  it  is  noted  (table  7)  that  the  ratio  for  number 
3  was  1  to  7.30;  that  for  number  4,  1  to  5.25.  For  neither  bird 
does  the  ratio  fall  as  low  as  1  to  1  at  any  time  during  the  training. 
The  nearest  approach  to  this  measure  of  success  was  made  by 
crow  number  4  in  the  trials  153  to  177,  for  which  the  ratio  was 
1  to  1.08. 

Further,  it  is  to  be  noted  that  neither  crow  shows  a  steady 
increase  in  the  number  of  correct  choices.  There  is,  instead, 
for  each,  an  increase  up  to  a  certain  point,  then  a  sudden  decrease, 
followed  by  a  more  or  less  rapid  increase.  Number  3  exhibits 
three  well  marked  improvement  waves.  Beginning  with  the 
ratio  1  to  7.3,  there  is  fairly  constant  improvement  until  the  ratio 
stands  1  to  2.  Then  a  backsliding  occurs  which,  for  the  next 
twenty-five  trials  results  in  a  ratio  of  1  to  5.25.  Slowly  the  bird 
improves  again,  achieving,  after  about  three  hundred  trials,  a 

*  Of  course  the  previous  work  on  Problem  1  influenced  the  birds  very  markedly 
in  their  early  trials. 
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ratio  of  1  to  1.12.  But  this,  after  fifty  additional  trials,  is 
replaced  by  a  ratio  of  1  to  7.33.  Immediately  thereafter,  rapid 
improvement  sets  in,  and  shortly  a  ratio  of  1  to  1.15  results. 

The  same  in  general  holds  for  number  4.  At  the  end  of  fifty 
trials,  its  ratio  is  1  to  5.25.  After  one  htmdred  and  seventy- 
seven  trials,  it  is  1  to  1.08.  Then  the  number  of  correct  first 
choices  slowlv  decreases  until  finallv.  at  about  the  three  hundredth 
trial,  the  ratio  is  1  to  11.50.  There  follows,  during  the  next 
seventy-five  trials,  improvement  which  results  in  the  ratio  of 

1  to  1.55,  which,  in  turn,  is  immediatelv  followed  bv  the  ratio 
of  1  to  5.25. 

These  fluctuations  in  the  ratio  of  right  to  wrong  first  choices 
are  indicative  of  the  appearance,  "tr\'ing  out,"  and  disappearance 
of  more  or  less  satisfactory-  reactive  tendencies.  The  fact  that 
neither  bird  achieved  a  ratio  of  1  to  0  indicates  that  no  reactive 
tendency  appeared  which  was  wholly  satisfactory,  or  in  other 
words,  led  to  the  complete  solution  of  the  problem.  These 
various  reactive  tendencies  we  should  describe,  in  the  case  of  a 
human  subject,  as  the  *'tr\'ing  out"  of  ideas,  but  it  is  unnecessary 
for  us  to  have  recourse  to  this  mode  of  psychological  description 
in  the  case  of  the  crows.  Thev  mav  or  mav  not  have  had  ideas 
corre.-ponding  to  those  which  would  have  existed  in  the  ordinary 
human  subject.  In  any  event,  their  beha\'ior  is  strikingly 
similar  to  that  of  the  human  subject  of  a  low  level  of  intelligence. 

ANALYSIS  OF  THE  REACTIONS  OF  CROW  NUMBER  3.  c? 

An  analvsis  of  the  data  of  table  5  renders  these  fluctuations 
of  the  ratio  of  correct  to  incorrect  first  choices  at  once  intelligible 
and  deeply  si^^nificant.  We  shall  attempt  an  analytical  exam- 
ination of  the  results  for  each  subject  in  order  to  bring  the  several 
rea'  *ive  types  and  tendencies  into  prominence. 

I'^or  (TOW  number  3  the  first  thirty  or  forty  trials  in  problem 

2  in  lar^e  measure  destroyed  the  subject's  well  formed  habit 
of  ^.hoo-in;:^  first,  as  a  result  of  previous  training  in  problem  1, 
th<.'  tir>t  compartment  at  the  right.  The  bird  then  began  to 
choose  ver\'  frequently  the  first  compartment  at  the  left  and  to 
distribute  the  remainder  of  its  choices  among  the  other  compart- 
nieir-,  until  the  rij^ht  one  happened  to  be  chosen.  From  the 
be^'inninj:^  of  work  on  this  problem,  the  persistency  of  number  3, 
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as  also  of  number  4,  in  reentering  the  same  oompartment  was 
surprising.  Examples  of  this  are  trials  three,  twenty-one,  twenty- 
four,  thirty-eight,  forty-nine,  fifty-nine,  sixty-four,  and  so  on, 
for  niunber  3. 

By  the  time  nimiber  3  had  been  given  one  hundred  trials,  a 
habit  of  always  going  to  the  first  compartment  at  the  left,  and 
after  receiving  the  punishment  of  confinement  in  the  compart- 
ment,  entering  the  one  next  in  order,  had  become  fairly  well 
fixed.  For  some  of  the  settings,  this  habit  developed  earlier 
than  for  others.  For  instance,  in  settings  Nos.  1  and  9,  7-9, 
this  particular  reactive  tendency  appeared  first  in  the  thirty- 
ninth  trial,  again  in  the  sixty-first,  and  in  the  seventy-ninth, 
when  it  seems  to  have  been  accepted  as  the  most  satisfactory 
method  of  reacting,  and  appears  as  a  habit  for  almost  two  hundred 
trials. 

With  setting  No.  2,  6-9,  this  same  reactive  tendency  appears 
definitely  at  about  the  ninety-second  tri^;  for  setting  No.  3, 
2-7,  at  about  the  one  htmdred  and  fifty-fifth;  for  No.  4,  4-7,  at 
the  one  hundred  and  twenty-sixth;  for  No.  5,  1-6,  at  the  one 
hundred  and  twenty-sixth ;  for  No.  6,  5-9,  at  the  one  hundred  and 
sixty-eighth;  for  No.  8,  3-8,  at  the  one  himdred  and  twentieth; 
for  No.  10,  2-5,  at  the  one  hundred  and  forty-second;  but  for 
No.  7,  1-9,  neither  this  tendency  nor  any  other  became  well 
established  during  the  five  hundred  trials. 

In  the  fifty  trials,  one  hundred  and  fifty-one  to  two  htmdred 
inclusive,  the  habit  of  entering  the  first  compartment  at  the 
left,  and  next  the  adjacent  one,  which  of  course  was  also  the 
correct  one,  appeared  thirty-eight  times.  In  ten  of  these  fifty 
trials,  the  right  compartment  was  entered  immediately,  and  in  the 
remaining  two  trials,  the  compartment  first  entered  was  the 
second  from  the  right  instead  of  the  second  from  the  left  end 
of  the  group. 

From  trials  two  htmdred  and  forty  to  two  hundred  and  fifty, 
a  new  reactive  tendency  began  to  appear.  This  shortly  replaced 
the  one  just  described.  Previously,  number  3,  when  it  came 
out  of  the  first  compartment  at  the  left,  turned  sharply  to  its 
left  and  entered  the  second  compartment,  the  right  one,  but 
now  instead  of  turning  to  its  left,  it  began  to  turn  to  its  right, 
with  the  result  that  it  faced  the  compartment  which  it  had  just 
left.     Formerly,  it  had  always  met  with  reward  when,  after 
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coming  out  of  the  first  compartment  and  turning  sharply  it 
entered  the  one  directly  in  front  of  it,  but  now  it  met,  instead, 
with  punishment.  Nevertheless,  it  persisted  in  reentering  the 
wrong  compartment,  and  in  trial  two  hundred  and  fifty-three  it 
was  punished  thirteen  times  for  entering  compartment  7.  It 
was  then  aided  in  finding  the  right  compartment.  In  this 
instance,  even  after  the  door  of  the  wrong  compartment  which 
had  been  so  often  reentered  had  been  closed  and  the  door  of  the 
right  compartment  left  open  beside  it,  the  bird  stood  for  some 
seconds  before  the  wrong  door,  cawing  and  apparently  eager 
to  enter. 

Naturally  the  tendency  to  turn  to  its  right  instead  of  to  its 
left  greatly  diminished  the  number  of  correct  first  choices  by 
number  3,  and  completely  obliterated  the  old  reactive  tendency. 
Shortly,  the  number  of  reentrances  diminished  to  two  or  three, 
and  the  bird  began  to  enter  the  second  compartment  from  the 
left,  even  although  it  were  not  facing  it  after  it  turned  about. 
This  peculiar  behavior  continued  for  only  a  short  time,  and  was 
followed  by  a  tendency  to  enter  first  a  compartment  near  the 
right  end  of  the  series.  On  escaping  from  this,  it  would  turn 
to  its  right  and  enter  the  compartment  directly  in  front  of  it. 
Repetition  of  this  performance  of  course  soon  brought  the  bird 
to  the  right  compartment.  In  trial  after  trial,  number  3  would 
enter  the  first  compartment  at  the  right  and  then  work  back, 
compartment  by  compartment,  until  it  reached  the  second  from 
the  left.  Examples  of  this  behavior  are  trials  two  hundred  and 
eighty,  two  hundred  and  eighty-eight,  three  hundred  and  nine, 
three  hundred  and  twenty,  and  so  on. 

After  the  thorough  testing  of  the  reactive  tendency  just 
described,  no  additional  habit  became  well  established,  but  the 
crow  shifted  from  one  method  to  another.  The  one  most  often 
used  was  that  of  entering  the  third  from  the  left,  and  on  leaving 
this,  turning  to  the  right  and  entering  the  compartment  before 
it,  which  was  of  course  the  right  one.  This  method  is  exhibited 
for  setting  No.  2,  6-9,  after  the  two  hundred  and  eighty-fourth 
trial;  for  setting  No.  5,  1-6,  after  trial  two  hundred  and  seventy- 
seven;  for  setting  No.  6,  5-9,  after  trial  three  hundred  and 
eiglitcen;  and  for  setting  No.  10,  2-vS,  after  trial  two  hundred 
and  ninety-two.  For  the  other  settings,  it  appeared  less 
freciucntly. 
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To  complete  our  comments  on  the  behavior  of  number  3, 
we  may  say  that  beginning  with  trial  four  hundred  and  axty- 
one,  the  period  of  punishment  was  increased  from  thirty  seconds 
to  sixty  seconds,  since  it  seemed  possible  that  the  crow  might  im- 
prove under  this  condition.  But  the  punishment  was  over-severe, 
and  after  only  a  few  trials,  ntmiber  3,  as  also  number  4,  began  to. 
work  very  badly  indeed,  It  would  move  about  constantly  and 
excitedly  while  confined  in  a  compartment,  and  when  the  door 
was  opened  would  rush  out  and  immediately  enter  another 
compartment  without  pause.  This  random  and  excited  choosing 
naturally  yielded  few  successes,  and  by  the  time  forty  trials 
had  been  given,  number  3  was  very  hesitant  about  entering  any 
of  the  compartments  and  had  returned  to  an  earlier  habit  of 
wandering  about  the  reaction  chamber.  When  the  time  of 
punishment  was  reduced  to  fifteen  seconds,  he  very  quiddy 
resumed  his  former  method  of  reacting,  and  worked  quite  as 
assiduously  as  ever,  and  with  as  small  a  measure  of  success 

ANALYSIS  OF  THE  REACTIONS  OF  CROW  NUMBER  4,9 

The  behavior  of  number  4  in  problem  2  differs  in  some  respects 
from  that  of  ntmiber  3  and  is  worthy  of  brief  description.  The 
first  fifty  trials  served  to  break  up  the  habit  of  choosing  the 
first  compartment  at  the  right.  Thereupon,  her  attention 
shifted  to  the  opposite  end  of  the  series.  But  this  was  not  so 
definite  as  in  the  case  of  ntmiber  3.  Number  4  often  went  to  the 
first  compartment  at  the  left  and  then  to  the  one  next  to  it, 
thus  requiring  but  two  choices  in  order  to  get  the  right  com- 
partment. This  tendency  became  fixed  only  after  two  hundred 
and  fifty  trials,  and  even  then  it  was  not  so  definite  as  for 
number  3. 

It  is  indicative  of  the  temperamental  differences  in  the  two 
subjects  that  number  4  should  have  required  assistance  in  almost 
twice  as  many  of  the  first  two  hundred  trials  as  did  number  3. 
Significant  also  is  the  fact  that  until  very  late  in  her  trainini^ 
she  was  not  nearly  as  systematic  in  her  choices  as  was  he.  She 
tended  rather  more  frequently  to  the  compartments  near  the 
middle  instead  of  those  at  the  ends,  and  chose  in  no  definite 
or  predictable  way.  This  naturally  resulted  in  a  much  large 
number  of  choices  before  t^^*^  right  compartment  was  reacher 
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to  the  number  of  mistakes.  But  at  the  same  time,  number  4, 
just  because  of  the  lack  of  a  definite  inadequate  reactive  tendency, 
happened  upon  the  right  compartment  more  frequently  than 
did  number  3.  For  her,  therefore,  the  ratio  of  correct  to  in- 
correct choices  is  more  favorable  than  for  him.  This  is  true 
up  to  about  the  three  hundredth  trial,  when  it  appears  that 
number  4  for  some  reason  became  more  systematic  in  her  work, 
going  most  frequently  to  the  first  compartment  at  the  left  and 
then  to  the  second.  This  habit,  which  had  appeared  also  in 
the  behavior  of  number  3,  had  by  this  time  been  replaced,  and 
as  a  result  he  was  more  often  choosing  correctly  than  she.  Niun- 
ber  4  continued  to  exhibit  this  reactive  tendency  rather  insis- 
tently throughout  the  remaining  trials. 

We  must  conclude  from  this  analysis  of  the  data  of  table  5 
that  both  crows,  in  the  five  hundred  trials  with  problem  2 
which  were  given  them,  tried  and  found  inadequate  all  of  the 
reactive  tendencies  which  were  immediately  available.  Toward 
the  end  of  the  experiment,  it  was  evident,  especially  in  the  case 
of  number  3,  that  the  bird's  only  resource  was  to  return  to  some 
one  of  the  methods  previously  employed.  Strange  as  it  may 
seem  to  the  human  subject,  and  especially  to  those  human 
beings  who  have  a  high  estimate  of  the  intelligence  and  origi- 
nality of  the  crow,  these  individuals  proved  entirely  incapable 
of  learning  to  enter  directly  the  second  compartment  from  the 
left  in  a  series  of  compartments. 

Doubtless,  many  readers  will  object  that  longer  training 
would  almost  certainly  have  enabled  our  subjects  to  solve  this 
problem.  We  cannot  deny  this  possibility,  but  we  must  insist 
that  all  of  the  indications  of  our  results  are  against  it,  for  ordi- 
narily the  adequate  solution  of  vSuch  a  problem  as  this  by  an 
animal  of  intelligence  far  lower  than  the  human  is  achieved  by 
slow  improvement.  We  arc  of  the  opinion  that  the  crow  is 
incapable  of  ])erceiving  and  properly  reacting  to  the  relation 
of  second  from  the  left,  and  we  do  not  hesitate  to  admit  that 
we  were  very  much  surprised  by  this  outcome  of  our  experiments, 
as  we  had  fully  expected  our  subjects,  and  especially  crow  number 
3,  to  deal  successfully  with  much  more  difficult  problems  than 
this  one. 

This  opinion  rests  not  solely  upon  the  fact  that  no  steady 
and  consistent  improvement  occurred  as  the  result  of  five  htmdred 
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trials  distributed  over  a  period  of  thirty-two  da3rs,  but  also 
upon  the  observation  that  in  the  case  of  the  setting  7-9,  which 
appeared  twice  in  the  series,  as  Nos.  1  and  9,  and  was  therefore 
presented  to  each  crow  one  hundred  times  instead  of  fifty  times, 
the  successes  were  surprisingly  few.  In  the  first  presentation 
of  this  setting,  ntmiber  1  in  the  series,  for  both  of  the  crows 
there  is  marked  increase  in  the  niunber  of  correct  first  choices 
between  the  beginning  and  the  end  of  the  trainings  But  for 
the  second  presentation,  ntmiber  9  in  the  series,  this  is  not  the 
case.  Crow  number  3,  in  the  first  ten  presentations  of  this 
setting,  as  number  9  in  the  series,  chose  correctly  only  twice, 
and  in  the  last  ten,  only  four  times,  while  crow  number  4  chose 
correctly  in  the  first  ten,  four  times,  and  in  the  last  ten,  four 
times.  Even  without  experience  they  should  have  chosen 
correctly  twice  in  ten  trials. 

This  is  an  easy  setting  and  it  is  surprising  indeed  that  the 
crows  should  not  have  succeeded  in  reacting  correctly  in  the 
latter  part  of  the  training.  Doubtless  their  failure  is  due  to 
the  confusing  effect  of  the  diverse  settings. 

We  feel  that  our  analysis  and  discussion  of  results  is  inadequate, 
but  the  report  is  already  overlong  because  of  the  necessarily 
lengthy  description  of  apparatus  and  experimental  procedure, 
and  we  may  add  only  a  brief  sunmiary. 

SUMMARY 

1.  Two  crows,  No.  3,  a  male,  and  No.  4,  a  female,  about 
three  months  old,  were  presented  with  two  of  the  simplest  types 
of  standard  problem  in  the  Yerkes  multiple  choice  apparatus. 
These  problems  were:  (1)  selection  of  the  compartment  first 
at  the  right  in  a  series;  (2)  selection  of  the  compartment  second 
at  the  left;  and  (3)  the  other  form  of  problem  1,  the  selection, 
namely,  of  the  compartment  first  at  the  left. 

2.  Of  these  three  r^'^hlems  both  birds  succeeded  in  solving 
perfectly,  in  from  fift>  ..  me  hundred  trials,  the  first  and  the 
last.  T^^  '^'^^'^  "»H  o  ^^u ..  ho,  'oiif^ri  'o  colve  in  five  hundred 
trials. 

3.  ^^^^ ^    '^^    •      -       ..    wv!^  1^.:  .tivc  tendencies  appeared 

during  ^  f'^^^  '^  ^iv.  jir-t.  '  FvatT-  )ies  of  these  are:  (1)  to 
go  to  til-    iT->      <irtm^  ..         f.       .aht  be'^ai""^  of  training 
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next  in  order  ;(3)  to  reenter  the  compartment  first  chosen  and 
then  to  choose  the  second  from  the  left  of  the  series;  (4)  to  enter 
a  compartment  at  or  near  the  right  end  of  the  series  and  on 
emerging  to  turn  to  the  right  and  enter  the  one  directly  in  front, 
and  so  on  until  the  right  compartment  is  entered. 

4.  Since  no  one  of  these  types  of  reaction  is  satisfactory, 
the  birds  shifted  from  one  to  another,  trying  them  for  varying 
periods.  • 

5.  The  male  was  more  tame,  bold,  and  aggressive  than  the 
female.  Consequently,  he  made  the  better  showing  in  the 
experiments. 

The  multiple  choice  method,  with  four  standardized  problems, 
has  been  employed  with  pigs,  rats,  and  ring-doves,  as  well  as 
with  crows;  and,  among  human  subjects,  with  normal  and 
defective  children  and  adults  and  with  dementia  praecoii  patients. 
The  results  will  appear  in  a  series  of  papers  of  which  this  is 
the  first. 
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INTRODUCTION 

The  multiple  choice  method  of  studying  ideational  and  allied 
forms  of  behavior  was  first  briefly  described  in  a  lecture  on  the 
study  of  human  behavior  delivered  at  Cold  Spring  Harbor  in 
1913.1  It  has  recently  been  more  fully  described  in  a  paper 
which  presents  the  results  of  its  application  in  the  study  of  the 
crow. 2  We  shall,  in  the  present  report,  assimie  knowledge  of 
the  previous  descriptions  and  state  only  the  essential  features  of 
the  method  and  its  adaptation  to  the  organism  observed. 

It  was  devised  in  the  Psychopathic  Hospital,  Boston,  as  a 
means  of  obtaining  comparable  records  of  the  ideational  behavior 
of  mentally  deficient  and  deranged  individuals.  But  it  was  also 
hoped  that  it  might  prove  widely  serviceable  as  a  comparative 
method  for  the  study  of  various  types  of  organism. 

In  many  of  its  essential  features,  the  Yerkes  multiple  choice 
method  is  similar  to  the  Hamilton  quadruple  choice  method,* 
but  whereas  in  the  latter  four  reaction-mechanisms  are  employed 
and  only  problems  which,  strictly  speaking,  are  insoluble  are 
presented  to  the  subject,  the  present  method  involves  the  use 
of  a  variable  number  of  reaction-mechanisms  and  the  presenta- 
tion of  soluble  problems  of  a  wide  range  of  difficultness. 

The  experimenter  seeks,  in  using  the  multiple  choice  method, 
to  present  to  his  subject,  no  matter  what  its  type,  age,  or  condi- 
tion, a  problem  which  may  be  solved  by  the  perception  of  a 

1  Yerkes,  Robert  M.  The  study  of  human  behavior.  Science,  1914,  39,  pp. 
625-633. 

2  Coburn,  Charles  A.  and  Yerkes,  Robert  M.  A  study  of  the  behavior  of  the 
crow  Corviis  Atnericanus  Aud.  by  the  multiple  choice  method.  Journal  of  Animal 
Behavior,  1915,  5,  pp.  75-114. 

3  Hamilton,  G.  V.  A  study  of  trial  and  error  reactions  in  mammals.  Journal 
of  Animal  Behavior,  1911,  1,  pp.  33-66. 
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certain  constant  rdation  or  g^oap  of  idatkns  within  ibe  leao* 
tion-mecfaamsms.  For  ex^nqde,  the  mecfaamsm  to  be  operated 
may,  in  the  case  of  one  proUem,  be  the  nnddle  one  of  the  gron^ 
and  the  total  number  of  mechamsms  jiresented  may  yaiy  from 
threetonine.  Only  by  perceiving  and  aH»ropriatciy 
to  the  relation  which  the  experimenter 
can  the  subject  sdtve  the  jxroUem. 

It  is  necessary  only,  in  the  presentation  of  a  varied  series  of 
multiple  chcnce  jiroblems  to  a  given  subject,  for  the  eiperimenter 
to  devise  a  type  of  reaction-merhanism  which  is  appropriate  to 
the  action-system  of  the  organism  to  be  observed.  We  lia;re 
thus  far  made  use  of  a  simple  keyboard  for  hnman  sqbject8» 
while  for  crows,  ring-doves,  and  rats,  we  have  enqdoyed  a  series 
of  similar  boxes,  eadi  with  entrance  and  exit  doors  wfaidi  can 
be  operated  at  a  distance  by  the  experimenter.  The  form  of 
device  which  has  proved  suitable  for  the  study  of  pigs  will  be 
described  ia  this  report. 

It  has  i>roved  very  easy  to  develop  suitable  mechanisms  and 
we  have  every  reason  to  suppose  that  this  new  method  has  great 
advantages  over  most  others  for  the  ooaqMffative  study  of  bo* 
havior  in  that  essentially  the  same  problems  may  be 
to  extremely  different  types  of  subject. 

The  method  has  been  employed  in  e]q)eriments      th 
and  defective  children,  normal  and  insane  adults, 
crows,  and  ring-doves.«    To  all  of  these  subjects,  f     r ; 
have  been  presented.    They  may  be  described  b       /,     ' 
tion  of  the  correct  reaction-mechanism,  as  Pn         i  1,  t 
mechanism  at  the  subject's  right;  problem  2,  the  sec     1 1 
ism  at  the  subject's  left  (that  is,  from  the  end       t 
the  subject's  left);  problem  3,  alternately  the  fii      i     : 
at  the  subject's  right  and  the  first  at  its  left;  pro      n 
middle  mechanism  of  the  series. 

It  has  become  increasingly  dear,  as  our  investi] 
gressed,  that  the  perfect  solution  of  a  problem  by  a  given 
is  of  much  less  importance  as  a  matter  of  record  t      i 
information  concerning  the  types  of  reaction  and  t 
and  disappearance  of  reactive  tendencies  during  t      c 
experimentation.    For  the  solution  of  a  problem  i       is 

« The  results  of  our  experiments,  except  in  the  case  of  the  crow,  have 

published. 
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the  termination  of  a  series  of  observations.  It  is  essential, 
therefore,  that  the  experimenter  fix  his  attention  rather  on  the 
immediate  response  of  his  subject  than  on  the  attainment  of  the 
solution  of  problems.  We  especially  call  attention  to  this  matter 
because  many  experimenters  seem  to  feel  dissatisfied  with  other 
than  speedy  and  completely  positive  results.  It  seems  fair  to 
insist  that  by  the  multiple  choice  method  positive  results  are 
obtained  even  if  a  subject  cannot  solve  any  of  the  problems 
which  are  presented  to  it. 

Since  it  is  our  intention  to  more  fully  discuss  the  essential 
features  and  the  technique  of  the  multiple  choice  method  else- 
where, we  shall  here  content  ourselves  with  these  brief  intro- 
ductory statements  and  references.  It  should  perhaps  be  added 
that  only  by  reading  the  earlier  article  on  the  behavior  of  the 
crow  can  the  reader  hope  to  fully  understand  the  present  report. 

SUBJECTS 

The  subjects  of  the  experiments  which  constitute  the  obser- 
vational basis  for  this  paper  were  two  Chester  white  pigs.  They 
were  bom  April  1st,  1914,  and  they  were  therefore  two  months 
old  when,  on  June  2nd,  they  were  taken  to  the  Field  Station 
from  an  adjoining  farm  and  placed  in  the  experimental  situa- 
tion. We  shall  refer  to  these  individuals  as  the  male  and  the 
female,  since  both  sexes  were  represented.  The  male,  however, 
had  been  castrated  before  we  obtained  the  animals. 

From  the  first,  individual  differences  were  conspicuous.  The 
male  was  considerably  smaller  and  less  active  and  energetic 
than  the  female ;  he  ate  less  and  showed  less  initiative.  Through- 
out the  period  of  observation,  both  animals  were  in  perfect 
health  and  at  no  time  was  there  reason  to  suppose  that  either 
environmental  or  j^hysiological  conditions  were  unfavorable  to 
our  experiments. 

From  birth  these  pigs  lived  practically  out  of  doors,  having 
a  yard  to  rtm  in  and  a  rather  open  shelter  from  storm. 

Although  the  ex]Derimenters  had  expected  much  of  the  pigs 
because  of  the  indications  from  cavSual  observation  of  their 
behavior,  it  may  V)c  said  at  oner  'hat  they  proved  far  more 
satisfactory  subjects  tb^n  we  hp^  '.ncd  ^^  hope.  Indeed,  they 
worked  so  steadily  ^^^     .niformi-     n  -ig*.     i^  mvestigation  that 
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this  unexpectedly  favorable  relation  of  subject  to  method  that 
we  were  enabled  to  obtain,  during  the  summer  of  1914,  the 
numerous  results  reported  below. 

APPARATUS 

Fortunately,  it  was  possible  at  the  Franklin  Field- Station  to 
locate  our  apparatus  in  an  orchard  convenient  to  the  buildings. 
A  rough  shelter  was  built  for  the  pigs  under  a  large  apple  tree, 
and  convenient  yards  were  arranged  by  the  appropriate  use  of 
wire  fencing. 

The  accompanying  figures  give  a  fairly  good  idea  of  the  ex- 
perimental situation.  In  figure  1  A,  the  multiple  choice  appa- 
ratus appears  in  the  foreground,  behind  a  fence  which  com- 
pletely surrounds  the  enclosure.  Immediately  in  front  of  the 
apparatus  is  a  bench  for  the  observer.  Systems  of  weighted 
cords,  conspicuous  in  1  A,  enable  the  experimenter  to  operate 
the  slide  doors  of  the  multiple  choice  boxes. 

The  arrangement  of  the  yards  is  made  clear  by  figure  IB 
and  figure  2.  It  was  necessary  to  be  able  to  isolate  the  pigs 
for  observation  as  wc'l  as  to  have  the  apparatus  so  arranged 
that  an  individual  could  readily  be  admitted  for  a  trial  and  on 
the  completion  of  its  reaction,  be  returned  to  its  appropriate 
yard. 

The  multiple  choice  apparatus  proper  consists  of  nine  similar 
boxes,  shown  in  ground  plan  in  figure  2.  They  were  built  of 
rough  boards  and  numbered  conspicuously  1  to  9.  Bach  box 
is  sixty  inches  long,  by  twenty  inches  wide,  by  forty-eight  inches 
deep,  with  a  slide  door  at  each  end.  The  distance  between  these 
doors  on  the  inside  of  the  box  is  forty-eight  inches. 

From  each  of  the  entrance  and  exit  doors  a  woven  window- 
wcij^'ht  cord  extends  upward,  through  a  pulley,  then  horizontally 
forward  through  anotlier  pulley,  and  downward,  ending  in  a 
weight  nearly  over  the  observer's  bench.  To  all  of  the  cords 
from  the  entrance  d(.)ors,  white  weights  were  attached;  to  all 
from  exit  doors,  black  weights.  Each  weight  was  sufficient  to 
hold  its  door  in  position  after  the  latter  had  been  raised.  It 
was  found  that  this  reciuired  about  ten  pounds,  and  iron  window 
weights  served  our  pnr])ose. 

In  front  of  the  exit  door  of  each  box  is  a  v-shaped  food  trough 
which  is  divided  into  nine  like  parts  l)y  the  partitions  between 
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;c1iaiiisnis  from  the  experimenter's  position,  showing  weighted 
cords  for  operating  dix)rs.     Entrance  d<»rs  2  to  6  are  raised. 

B.  Tile  same  (rtim  ihe  pii;'s  point  iif  view,  showing  one  pig  wailing  in  yard  (or 
trial.    Entrance  doors  2  to  6  raised  as  in  figure  A. 

C.  The  same  view  as  that  of  ligure  B  except  that  the  pig  has  been  admitted  to 
the  reaction-space  and  is  about  to  enter  (he  middle  box  (no.  Ai  of  those  whose  doois 
are  open. 

D.  Here  the  pig  is  shown,  after  appropriate  reaction,  feeding  in  the  trough  of 
box  no.  4.  The  experimenter  appears  in  the  position  necessary  for  manipulation 
of  cords  and  observation  of  response. 

E.  The  react  ion- mechanisms  seen  from  one  end. 


K 
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Figure  2.    Ground  Plan  of  Multiple  Choice  Apparatus  Used  for  Pigs.  Scale  ^ 

A,  reaction  mechanisms,  nine  similar  boxes  or  stalls;  V,  stall  number  4;  O,  en- 
trance door  of  box;  P,  exit  door  of  box;  T,  food  trough  of  box;  G,  observer's  stand 
and  H,  writing  table;  D,  runway  between  trough,  T,  and  stand,  G;  S,  S,  yards; 
B,  reaction  space;  R,  E,  alleys  or  runways  connecting  D  with  S;  I,  observer's  en- 
trance door  to  apparatus;  J,  observer's  entrance  door  to  reaction  space  B;  L,  M, 
slide  doors  between  yards  and  reaction  space;  K,  N,  slide  doors  between  yards 
and  alleys. 

The  weighted  cord  systems  for  operating  the  entrance  and  exit  doors  (twenty 
in  all)  are  not  shown  in  this  figure.    They  may  be  seen  in  figure  1,  A,  B,  and  C. 
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boxes.  When  the  exit  doors  are  down,  the  various  parts  of  the 
food  trough  are  covered  by  a  horizontally  placed  sheet  of  metal 
which  fits  closely  over  them  and  thus  prevents  the  subjects  from 
obtaining  food  from  the  outside  of  the  apparatus. 

The  large  enclosure  is  divided  into  four  principal  parts:  (1)  the 
part  which  contains  the  reaction-mechanisms  with  wSpacc  for  the 
observer's  bench,  G,  and  writing  table,  H,  and  a  passageway 
for  the  subject  from  the  exit  doors  of  the  apparatus  to  the  yard, 
S;  (2)  second,  the  reaction  space  which  is  labelled  B  in  figure  2, 
in  which  the  subject  responded  to  the  multiple  choice  situation; 
(3)  and  finally,  the  two  yards,  S,  S,  from  which  the  subjects 
started  in  the  case  of  each  trial  and  to  which  they  returned  on 
the  completion  of  their  reaction.  K,  L,  M,  and  N,  designate  slide 
doors  between  the  several  portions  of  the  large  enclosure,  while 
J  and  I  represent  doors  which  were  used  by  the  experimenter. 

The  entire  apparatus  was  constructed  in  sections,  so  that  at 
the  end  of  the  season  it  might  readily  be  taken  down  and  stored. 

This  brief  and  very  incomplete  description  will  be  supple- 
mented somewhat  in  the  section  on  experimental  procedure. 

PROBLEMS  AND  GENERAL  METHOD 

The  four  ])roblems  enumerated  on  page  186  were  presented  to 
each  subject  in  the  order  named.  For  each  of  these  problems, 
a  series  of  ten  settings  of  the  doors  was  determined  upon.  These 
settings  differ  somewhat  from  those  employed  in  our  study  of 
the  crow.  It  is  our  intention,  so  far  as  possible,  to  use  them 
witli  all  ty])es  of  subjct*ts  until  our  observations  indicate  desirable 
changes. 

We  ])resent  below  for  each  of  the  four  problems  (1)  the  num- 
bers of  the  settings,  (2)  the  nunil)ers  of  the  doors  open,  (3)  the 
total  number  of  doors  o])en  in  each  setting  and  for  the  series  of 
ton  settings,  and  (4)  the  nimiber  of  the  right  door. 

It  was  our  plan  to  give  each  subject  an  o])iK)rtunity  to  respond 
to  each  of  tlie  ten  settings  for  a  given  ])r()blem  in  order,  and  to 
return  then  to  setting  1  and  re])eat  the  series.  It  was  found 
impossible,  liowever,  to  give  ten  trials  in  succession  in  our  early 
ex])erinients.  and  in  the  case  of  both  problems  1  and  2,  as  a  rule 
a  Mibjrrt  was  given  live  trials  in  sueeessi(.)n.  F(^r  ])roblems  3 
and  4  it  was  found  p(v>si1»le  to  give  ten  trials  in  succession. 
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Problem  1.    First  Mechanism  at  the  Subject's  Right 

Settings  Doors  open  No.  of  doors  open        No.  of  right  door 

1 1.2.3 3 1 

2 8.9 2 8 

?                                      ^4.^fi7                                ^  ^ 

4 7.8.9 3 7 

6 6.7.8 3 6 

7 5.6.7 3 5 

9 7.8.9 3 7 

10 1.2.3 3 1 

Total  35 


Problem  2.     Second  Mechanism  at  the  Subject's  Left 

Settings  Doors  open  No.  of  doors  open        No.  of  right  door 

1 7.8.9 3 8 

2 1.2.3.4 4 3 

3 2.3.4.5.6.7* 5 6 

4 1.2.3.4.5.6 6 5 

5 4.5.6.7.8 5 7 

6 1.2.3 3 2 

7 2.3.4.5 4 4 

8 1.2.3.4.5.6.7.8.9 9 8 

9 1.2.3.4 4 3 

10 3.4.5.6.7.8 6 7 

Total  50 
*  Changed  from  3.4.5.6.7  to  2.3.4.5.6.7  after  about  one  hundred  trials. 


Problem  3.     Alternately  the  First  Mechanism  at  Subject's  Right  and  the 

First  at  Its  Left 

Setting  Doors  open  No.  of  doors  open        No.  of  right  door 

5 

7 
1 
6 
4 
8 
2 
5 
3 
9 

Total  50 


1      

5.6.7 

3 

9 

5.6.7 

....3 

3 

4 

D 

6 

7 

1.2.3.4.5.6 

1.2.3.4.5.6 

4.5.6.7.8 

4.5.6.7.8 

2.3.4.5 

6 

6 

... .5 

D 

... .4 

8 

2.3.4.5 

.  . . .4 

9 

3.4.5.6.7.8.9 

. . . .7 

0 

3.4.5.6.7.8.9 

7 
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Problem  4.    Middle  Mechanism  of  the  Series 


Setting 

1... 
2... 

o .  .  . 

4... 
5... 
6. . . 
7... 

o.  .  . 

^  •     •     • 

10... 


Doors  open 

•  •  ^  .  d«^  •   .   •   •   • 

.  .1 .2.3.4.5.6 

•  •   9    •  0«7  •    •    •    • 

..4.5.6.7.8 
..1.2.3.4.5.6 
..1.2.3.... 
.  .2.3.4.5.6 
..3.4.5.6.7.8 
..6.7.8 


No.  of  doors  open       No.  of  right  door 


8 


..5. 
..7. 
. .  o . 
..5. 
..9. 
..3. 
..5. 
..7, 
..3. 


.7 
.4 
8 
6 
5 
2 
,4 
6 
7 


Total  50 


Both  punishment  and  reward  were  used  in  these  experiments. 
The  punishment  consisted  of  confinement  for  a  definite  interval, 
usually  one  minute,  in  each  wrong  box  entered,  while  the  reward 
consisted  of  food  which  could  be  obtained  in  the  trough  of  the 
right  box, 

EXPERIMENTAL  PROCEDURE 

We  shall  now  briefly  enumerate,  in  order  to  supplement  the 
descriptions  of  apparatus  and  methods  which  have  been  given, 
the  steps  in  a  regular  series  of  observations. 

The  experimenter  having  entered  the  enclosure  with  a  supply 
of  food,  record-book,  stop-watch,  etc.,  first  raises  each  of  the 
nine  exit  doors  and  places  in  each  section  of  the  trough  a  quantity 
of  food  (sour  milk,  shelled  com,  vegetables).  He  then  lowers 
the  exit  doors,  thus  covering  the  food,  and  takes  his  position 
on  the  observation  bench.  In  case  both  pigs  are  in  the  shelter 
yard,  it  is  next  necessary  for  him  to  drive  one  of  them  into  the 
other  yard.  This  having  been  done,  he  may  proceed  to  set 
the  entrance  doors  for  the  first  trial.  Let  us  suppose  that  the 
problem  to  be  presented  is  problem  1  and  that  setting  1  is  first 
to  be  used.  In  this  case  the  experimenter  raises  entrance  doors 
1,  2,  and  3.  He  is  now  ready  to  admit  one  of  the  pigs  to  the 
reaction  space  B  of  figure  2.  This  he  does  by  raising  momentarily 
the  appropriate  slide  door  between  B  and  S. 

The  instant  the  pig  enters  the  reaction  space,  the  experimenter 
starts  his  stop-watch  and  begins  to  record  the  important  features 
of  the  behavior  of  the  animal,  noting  especially  its  approach 
to  the  several  doors,  its  tendency  to  enter  boxes  and  the  actual 
entrance  and  time  of  entrance  into  any  one  of  the  three  acces- 
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sible  boxes.  Let  us  suppose  that  the  animal  enters  directly 
box  3.  Immediately  the  experimenter  lowers  the  entrance  door 
and  thus  confines  the  animal  in  the  small  compartment  as 
punishment  for  an  incorrect  choice.  At  the  expiration  of  one 
minute,  the  entrance  door  is  raised  and  the  pig  is  allowed  to 
retreat  from  the  box  and  make  another  choice.  We  may  now 
suppose  that  the  animal,  after  passing  in  front  of  boxes  2  and  1, 
returns  to  1  and  enters  it.  The  experimenter  immediately  stops 
his  stop-watch,  lowers  the  entrance  door,  and,  since  this  box  is 
by  definition  the  right  one,  he  immediately  raises  the  exit  door 
and  rewards  the  animal  for  correct  choice  by  allowing  it  to  eat 
for  a  few  seconds.  He  then,  either  by  speaking  to  the  pig  or  by 
touching  it  with  a  whip,  induces  it  to  pass  from  the  box  by  way 
of  the  passage,  D,  and  the  alley,  R  or  E,  back  to  the  appro- 
priate yard,  S. 

Having  reset  the  apparatus,  the  experimenter  now  gives  the 
other  pig  a  trial  with  the  same  problem  and  either  with  the  same 
or  with  a  different  setting  of  the  doors. 

As  a  rule,  the  animals  were  fed  only  in  the  trough  of  the 
apparatus.  They  were  almost  always  hungry,  and  although 
sufficiently  well  fed  to  keep  them  growing  and  in  excellent 
health,  they  usually  seemed  fairly  hungry  at  the  end  of  a  day's 
work.  In  no  case  was  it  necessary,  in  order  to  induce  them  to 
work  steadily,  to  have  them  extremely  hungry. 

The  influence  of  visual  and  olfactory  factors  was  to  be  ex- 
pected, and  at  various  points  in  the  investigation,  precautions 
had  to  be  taken  against  following. 

PRELIMINARY  TRAINING 

On  June  2nd  the  pigs  were  brought  to  the  Field  Station  and 
placed  in  the  shelter  yard,  and  in  the  afternoon  of  the  same 
day,  they  were  fed  in  the  trough  of  the  apparatus,  all  of  the 
doors  of  the  boxes  and  the  yards  being  raised. 

During  the  next  six  days  they  became  thoroughly  accustomed 
to  the  apparatus  and  learned  both  to  feed  in  the  trough  and  to 
make  the  trip  readily  from  the  yards,  through  the  apparatus, 
and  back  to  the  starting  point.  They  very  quickly  and  satis- 
factorily adapted  themselves  to  the  situation,  while  at  the  same 
time  becoming  thoroughly  tame  and  indifferent  to  the  presence 
of  the  experimenter. 
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On  June  9th  it  seemed  fitting  to  attempt  a  series  of  prelim- 
inary trials.  Each  animal  was  given,  in  turn,  opportunity  to 
secure  food  in  each  of  the  nine  boxes.  When  the  subject  entered 
the  reaction  space,  B,  the  entrance  door  of  a  certain  box  stood 
open,  and  as  soon  as  the  animal  had  entered  that  box,  the  ex- 
perimenter closed  the  door  behind  it  and  opened  the  exit  door 
in  front  of  it,  thus  enabling  it  to  obtain  food.  During  these 
preliminary  trials,  the  pigs  were  in  separate  yards  and  were 
given  their  trials  alternately. 

We  shall  now  report  the  results  of  our  regular  experiments. 


RESULTS  OF  EXPERIMENTS 

As  it  is  essential  to  present  the  data  for  each  trial  in  the  series 
of  experiments,  tables  1,  3,  4,.  6,  7,  9,  and  10  have  been  con- 
structed after  the  following  manner.  At  the  head  of  each  table 
stand  the  several  settings,  the  letter  S  serving  as  an  abbreviation 
for  setting  and  the  number  following  it  designating  the  place  of 
the  setting  in  the  series.  Immediately  under  the  number  of  the 
setting  appear  the  numbers  of  the  doors  open  with  the  one  to 
be  chosen  (correct  one)  printed  in  bold  face  type.  Below  this 
preliminary  information  concerning  the  particular  problem  in 
question,  appear  the  results  for  each  of  the  trials  of  each  subject. 
The  column  headed  T  gives  the  number  of  a  trial  in  the  total 
series  of  trials  for  a  given  subject,  in  a  given  problem.  Follow- 
ing the  number  of  the  trial  are  the  numbers  of  the  boxes  entered, 
in  the  order  of  entrance.  Referring  to  table  1,  we  discover  that 
the  female  in  her  first  trial  under  problem  1  selected,  of  the 
three  boxes  whose  doors  were  open,  first,  number  3  She  was, 
of  course,  punished  by  being  confined  in  this  box  for  one  minute, 
and  on  release  entered  box  1,  which  was  the  correct  box,  and  re- 
ceived the  reward  of  food.  Or  again,  in  table  3  it  may  be  noted 
that  in  trial  146,  under  problem  2,  the  female  entered,  in  order, 
boxes  7,  9,  7,  and  8,  the  group  of  open  doors  including  7,  8,  and 
9,  and  the  box  to  be  entered  being  number  8. 

These  tables  will  enable  the  reader  to  obtain  quickly  definite 
information  concerning  the  forms  of  response  and  the  changes 
therein  during  the  course  of  experimentation.  We  shall  present 
the  several  tables  under  the  problem  numbers  and  reserve  further 
comment  for  the  section  on  the  discussion  of  results. 


A  STUDY  OF  THE  BEHAVIOR  OF  THE  PIG  195 

DISCUSSION  OF  RESULTS 

The  results  will  now  be  discussed  under  the  headings  of  the 

four  problems,  and  in  connection  with  each  a  condensed  tabular 

summary  of  the  experiments  will  be  offered,  together  with  such 

comments  as  are  necessary  on  the  experimental  procedure,  the 

behavior  of  the  subjects,   and  the  significance  of  the  various 

forms  of  response. 

PROBLEM  1 

This  problem,  for  which  the  definition  of  the  correct  mechan- 
ism is  the  first  at  the  subject's  right,  proved  extremely  easy  for 
the  pigs.  Incorrect  choices  were  surprisingly  few,  and  the 
number  of  trials  necessary  for  the  perfect  solution  of  the  prob- 
lem was  also  surprisingly  few  for  both  subjects,  the  female  having 
chosen  correctly  throughout  a  series  of  ten  settings  at  the  end 
of  forty  trials  and  the  male  having  similarly  succeeded  at  the 
end  of  forty-five  trials. 

As  is  indicated  by  tables  1  and  2,  which  contain  all  of  the 
data  for  this  problem,  the  experiments  were  not  discontinued  at 
this  point,  but  each  individual  was  given  additional  opportunity 
to  work  out  the  problem.  In  the  light  of  our  later  experience, 
this  was  a  mistake,  but  at  the  time  we  were  unconvinced  that 
the  animals  were  depending  upon  the  relation  of  the  correct 
mechanism  to  the  other  members  of  the  group,  and  we  proceeded 
further  with  our  observations  in  order  to  settle  certain  points 
which  were  in  doubt. 

From  the  first  it  was  evident  in  connection  with  this  problem 
that  the  female  was  more  intelligent  than  the  male,  and  that  he 
tended  to  be  markedly  influenced  by  her.  After  observations 
were  discontinued  with  her  on  June  14th,  he  reacted  very  poorly 
for  a  number  of  series,  and  then  again  improved  and  reacted 
perfectly  in  the  l^^""  three  se^'^^s  given  on  June  15th. 

In  this  p—^SIp.  ^f^  t^fa  idmber  of  doors  open  in  the  ten 
settings  wa^     ,     lix.  -  oy  reference  to  the  data  presented 

on  pape     ^     ^h'^r^^    -'■  )f  these,  ten  were  of  course  correct. 

Hen*"-  ^  ^i^.-  IT  ;  "orrect  first  choice  apart  from  ex- 
periei-  -    xoiii^'  •        tn  table  2,  it  appears  from  the  data 

of  tW    -<i    ,v,.ui'"    '••  '.  .1.  ■'  ^'dual  that  the  ratio  of  correct 

to  iiiL^vi  1  >  "•  •  -  .'  ^  ne  first  da'^  ^  linine  1  to  1 
for  ti      >..!- ^       •      ^-     ^^^'^        •   onoii!'     T^re  b^ 
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TABLE  2 


Daily  Series  a 

Female 


No. 

Ratio 

No. 

Ratio 

Date 

of 
trials 

H 

W 

H 
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RtoW 

Date 

of 

trials 

K 
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K 
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R  toW 
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problems,  the  data  refer  only  to  first  choices  in  each  trial,  the 
column  headed  R  containing  the  number  of  correct  first  choices 
and  that  headed  W  the  number  of  incorrect  first  choices  for 
each  series  of  trials  or  for  the  day.  It  further  appears  from  this 
table  that  five  trials  constituted  the  regular  series  in  problem  1, 
and  it  should  here  be  stated  that  the  experimenter  always  re- 
sumed experimentation  at  the  point  in  the  regular  series  of 
settings  at  which  work  had  been  interrupted.  He  therefore  pro- 
ceeded in  regular  order  from  setting  1  to  setting  10  and  thei. 
returned  to  setting  1  and  repeated  the  trials. 

Further  comment  on  the  behavior  of  the  animals  in  problen 
1  is  needless,  for  the  task  is  but  shghtly  more  difficult  than  the 
acquisition  of  a  simple  position  habit,  and  '*■  has  already  bee' 

Sati=factP'^*l'-  Hpmr^nct-rr    c(      Vi^    ■    -nnni     -if  •"hi       rf rtr'^-atPB  o^fini 
S11C]       ^^^'  ■■  <■ 
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PROBLEM  2 

For  this  problem,  which  is  definable  as  the  second  mechanism 
from  the  subject's  left,  all  of  the  data  for  discussion  will  be 
found  in  tables  3,  4,  and  5.  Again,  as  in  the  case  of  problem  1, 
the  regular  series  consisted,  throughout  the  training,  of  five 
trials,  but  as  many  as  six  such  series  were  given  on  a  single 
day.  Bracketed  series  appearing,  for  example,  in  table  5,  under 
the  dates  June  23,  24,  25,  and  28  and  July  1,  2,  3  and  4,  were 
continuous,  that  is,  ten  trials  were  given  in  succession  instead 
of  only  five. 

For  the  ten  settings  of  problem  2,  the  total  number  of  open 
doors  is  fifty,  and  the  expectation  therefore  is  that  prior  to 
experience  an  animal  will  choose  correctly  once  in  five  times, 
thus  giving  a  ratio  of  right  to  wrong  choices  of  1  to  4.  That 
this  expected  ratio  does  not  appear  on  the  first  day  of  experimen- 
tation is  due  to  the  effect  of  the  previous  training  in  problem  1. 
The  tendency  to  enter  the  first  box  at  the  left  was  persistent 
in  both  subjects  and  often  that  box  was  re-entered  a  nxmiber  of 
times  in  spite  of  punishment.  In  tables  3  and  4  the  data  for 
these  statements  are  presented,  and  in  table  5  it  may  be  noted 
that  on  the  first  day  of  work  on  problem  2  neither  subject  made 
a  single  correct  first  choice. 

The  ratio  of  correct  to  incorrect  first  choices  for  the  female 
rapidly,  although  somewhat  irregularly,  decreased  with  experi- 
ence until  on  July  4th  it  stood  1  to  .19.  On  this  date  she  suc- 
ceeded in  choosing  correctly  in  ten  successive  trials,  and  was 
therefore  considered  to  have  solved  the  problem  perfectly. 

Similarly,  the  ratio  for  the  male  changed  fairly  rapidly  until 
on  July  11th  it  stood  1  to  .11.  At  this  time,  although  he  had 
not  succeeded  in  choosing  correctly  in  each  of  the  ten  settings 
consecutively,  his  training  was  discontinued,  for  he  had  already 
delayed  experimentation  with  the  female  for  a  week,  and  it 
was  perfectly  clear  that  although  he  made  an  occasional  error, 
he  was  capable  of  perfectly  solving  the  problem. 

Whereas  the  female  finished  this  problem  as  a  result  of  390 
trials,  the  male  had  made  only  nine  out  of  ten  correct  choices 
at  the  end  of  520  trials,  when  his  training  was  discontinued. 
We  arc  inclined  to  think  that  this  is  a  reliable  indication  of  the 
difference  in  docility  between  these  two  individuals. 
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We  shall  now  turn  to  tables  3  and  4  for  a  further  brief  analysis 
of  the  reactions. 

For  about  50  trials  in  problem  2,  both  pigs  showed  the  effect 
of  their  experience  in  problem  1.  Then  the  number  of  correct 
first  choices  rapidly  increased  for  each  of  the  ten  settings.  There 
were  in  the  case  of  setting  1  few  mistakes  on  the  part  of  the 
female  after  150  trials,  whereas  on  the  part  of  the  male  there 
were  more  than  twice  as  many  incorrect  first  choices.  The 
same  holds  in  general  of  each  of  the  other  settings,  she  proving 
herself  much  more  steady  and  predictable  in  response  than  he. 
This  was  doubtless  due  in  a  measure  to  hunger,  for  it  was  much 
more  difficult  to  keep  him  in  the  proper  condition  of  eagerness 
for  food  than  her. 

The  data  of  these  tables  indicate  no  definite  and  persistent 
reactive  tendencies  during  the  course  of  experimentation  other 
than  the  original  acquired  tendency  to  enter  the  first  box  at 
the  right  in  the  group  and  the  subsequently  acquired  tendency 
to  select  the  second  box  from  the  left  in  the  group.  Certain 
of  the  settings  proved  very  much  more  difficult  than  others. 
Contrary  to  expectation,  difficultness  is  not  directly  variable 
with  the  number  of  doors  open.  Setting  1,  for  example,  as 
contrasted  with  setting  6,  is  much  the  easier,  yet  three  doors 
are  open  in  each  case.  In  general,  however,  it  is  evidently  true 
that  the  larger  the  group  of  open  doors  the  more  difficult  it  is 
for  the  animal  to  choose  correctly  and  the  larger  the  number 
of  mistakes  in  a  given  trial,  if  the  first  choice  is  not  correct. 

From  the  behavior  of  the  two  pigs  in  this  problem,  as  con- 
trasted with  the  first,  it  is  safe  to  conclude  that  they  are  per- 
fectly capable  of  selective  the  proper  reaction,  mechanism  by 
its  relation  in  a  grou^  ^  -imilar  mechanisms  when  the  number 
in  the  group  is  as  1^^^  "r*^    •••'^    ^^^en  the  constant  relation 

of  the  correct  mecl  inxon  -  ^-coi.^^  ixon.  jne  end.  It  is  further 
clear  that  tV>i*  problem  ^  ■  ich  more  difficult  one  for  the  pigs 
than  probkij  P-^      +   --    iiso  certain  that  the  difference  in 

difficultness  -  ■••  ••<  -  ••  ^-  he  difference  in  t"-  "^mber 
of  experier'"^^         .  .^  ..  h.     -   ution  of  the  t^-'mj,.  ..,;     ^ini 

the  earlv  Guy-    >     -•    -  -   •     '  served  mere       •     •vv.xJor^^ 

the  tendenr^        muiic -  •••*-      ^'ith  probiv^xi  t  set/-'- 

probable  ti         ^nn'^^r  ^.,.      ,  i/^     HpIc    "rot.      n^;  tota^' 
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151- 
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4 

3 
1 
3 

166- 

3     2 

166- 

5  !o 
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4     1 

12 

13 
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3 

15 

10 
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2  3 

3  1  2 
3     2 

'f( 

176- 
181- 
18&- 

4 

1 

3 

1 
4 

191- 

3  ■  2 

11 

9 

1:   ,82 

19!- 

3 

2 

ID 

10 

1:1 

26 

196- 
201- 

1  .  i 
3  ■  2 

26 

196- 
201- 

1 
3 

4 
2 

306- 

2  : 3 

6 

9 

1:1.50 

206- 

3 

2 

7 

a 

1:1.  U 

27 

211- 
216- 

3     2 
2     3 

27 

211- 
216- 

2  ;  3 

2  i  3 

2:'l- 

2     3 

7 

8 

1:1.14 

221- 

3  <  2 

7 

8 

1:1.14 

■JH 

226- 
231- 

2  3 

3  2 

28 

226- 
231- 

2  i  3 

3  '  2 

2:16- 

2     3 

236- 

4  :  1 

241- 

5     0 
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2     3 

216- 

216- 

4      1 
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13 
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29 
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TABLE  5— Continued 

Daily  Series  and  Averages  with  Ratios  of  Correct  to  Incorrect 

First  Choices 

Problem  2 
Female  Male 


Date 


June 
29 

u 
u 
u 
u 

30 

u 
u 
u 

July 

u 
u 

'^\ 

u 
u 

^ 

u 
a 

4 
(( 

(( 

u 
u 


No. 

of 

trials 


261- 
266- 
271- 
276- 
281- 
286- 
291- 
296- 
301- 


R 


3 

4 
3 
2 
4 
4 
2 
5 
2 


306- 

311- 

316- 

321- 

326- 

331- 

336- 

341- 

346- 

351- 

356- 

361- 

36e-^  4 

371- ,  3 

376-    4 

381- i  5 

386-!  5 


3 

4 
5 
2 
5 
4 
4 
4 
5 
2 
4 
3 


W 


2 
1 
2 
3 
1 
1 
3 
0 
3 

2 

1 

0 

3 

0 

1 

1 

1 

0 

3 

1 

2 

1 

!  2 

!   1 

!  0 

i  0 


I       I 


R 


18 


13 


14 


17 


14 


4^  1 


w 


12 


11     I    391    I  4  ,  1 
"      1    396    !  5  ,  0  1     9 


I       I 


Ratio 

of 

R  to  W 


1:  .67 


1:   .54 


6  i  1:   .43 


3  ;  1:   .18 


6  !  1:   .43 


1:   .19 


1  ,  1:   .11 


Date 


June 
29 

u 
u 
u 
u 

30 

u 
u 
u 

July 

!| 

u 
u 

u 
u 

i\ 

u 
(( 

4 

a 

M 

(( 
U 

5 

u 
a 
u 
u 

6 

u 

7 

u 
u 
u 


8    f 

"    \ 

a 
a 
a 

u 
u 

10  ; 

«    ^ 

u 

u 

11 

u 


No. 

of 

R 

trials 

.4 

261- 

266- 

4 

271- 

2 

276- 

2 

281- 

4 

286- 

1 

291- 

2 

296- 

4 

301- 

3 

306- 

3 

311- 

3 

316- 

3 

321- 

2 

326- 

4 

331- 

3 
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4 

341- 

2 

346- 

2 
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3 

356- 

2 
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3 

366- 

4 

371- 

3 

376- 

3 
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3 

386- 

3 

391- 

5 

396- 

2 

401- 

3 

406- 

1 

411- 

3 

416- 

0 

421- 

4 

426- 

2 
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1 

436- 

3 

441- 

2 

446- 

4 

451- 

3 

456- 
461- 
466- 
471- 
476- 
481- 
486- 
491- 
496- 
501- 
506- 
511- 
516- 


o 

9 

4 
5 
1 
2 
1 
3 
3 
4 

9 

5 

4 


W 


1 
1 
3 
3 
1 
4 
3 
1 
2 

2 
2 
2 
3 

1 
2 
1 
2 
3 
2 
3 
2 
1 
2 
2 
2 
2 
0 
3 
2 
4 
2 
5 
1 
3 
4 
2 
3 
1 
2 
0 
3 
1 
0 
4 
3 
4 

9 

2 

1 
3 

0 
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W 

19 

11 

10 

10 

11 

9 

13 

7 

10 

10 

16 

9 

14 

11 

4 

6 

8 

12 

18 

7 

9 

11 

12 

8 

9 

1 

Ratio 

of 
R  to  W 


1:  .58 


1:1 


1:   .82 


1:  .54 


1:1 


1:   .56 


1:   .79 
1:1.50 

1:1.50 


1:   .39 


1:1.22 

1:   .67 
1:   .11 
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No. 

Ratio 

No. 

Ratio 

Date 

of 
trials 

R 

W 

R 

W 

of 
R  toW 

Date 

of 
trials 

R 

W 

R 

W 

of 
R  to  W 

June 

June 

16 

1-  S 

0 

5 

16 

1-  5 

0 

5 

6-10 

0 

5 

0 

10 

0:1 

6-10 

0 

5 

0 

10 

0:1 

17 

11-15 
16-20 

2 

0 

3 
5 

17 

11-15 
16-20 

2 

3 
4 

21-25 

0 

5 

2 

13 

1:6,50 

21-25 

4 

4 

11 

1:2.75 

18 

2fr30 
31-35 
36-40 

2 
1 

0 

3 

18 

26-30 
31-35 
36-40 

4 
3 

4 

41-45 

1 

4 

4 

16 

1:4.00 

41-45 

4 

5 

IE 

1:3,00 

19 

46-50 
51-55 
56-60 

1 
4 
2 

4 
1 
3 

19 

46-50 
51-55 
56-60 

4 

3 
4 

61-65 

1 

4 

s 

12 

1:1.50 

61-65 

3 

2 

6 

9 

1:1.50 

20 

66-70 
71-75 
76-80 

L 
2 
0 

4 

3 

5 

20 

66-70 
71-75 
76-80 

2 
2 
0 

3 

3 

81-85 

2 

3 

5 

15 

1:3.00 

81-85 

2 

3 

6 

14 

1:2.33 

"i 

86-90 

0 

5 

21 

86-90 

3 

2 

91-95 

0 

5 

91-95 

3 

2 

96-100 

3 

96-100 

1 

4 

101- 

1 

4 

3 

17 

1:5.67 

101- 

2 

3 

9 

11 

1:1.22 

22 

106- 
111- 
116- 

0 
2 
0 

5 

3 

22 

106- 

in- 

116- 

0 
2 
4 

5 

3 
I 

121- 

1 

4 

3 

17 

1:5.67 

121- 

1 

4 

7 

13 

1:1.86 

?< 

126- 
131- 
136- 
141- 

t 

1 
2 
1 

4 
4 
3 
4 

23 

126- 
131- 
13&- 
141- 

2 
3 

2 
3 

3 
2 

3 
2 

146- 

2  ,  3 

7 

18 

1:2,57 

146- 

5 

0 

15 

10 

1:  .67 

24 

151- 
156- 
161- 
166- 

1     4 

1  1  4 
3  i  2 
3     2 

24 

151- 
156- 
161- 
166- 

4 
2 
5 

3 
1 

3 
0 

171- 

4     1 

12 

13 

1:1,08 

171- 

2 

3 

15 

10 

1:  .67 

k^ 

17f>- 
181- 
186- 

2  3 

5|2 

3  1  2 

^{ 

176- 
181- 
186- 

4 
1 

3 
1 
4 

191- 

3  !  2 

11 

9 

1:   .82 

191- 

3 

2 

10 

10 

1:1 

26 

196- 
201- 

1  ■  4 
3     2 

26 

196- 
201- 

1 
3 

4 

2 

206- 

2  ;  3 

6 

9 

1:1.50 

206- 

3 

2 

7 

8 

1:1. « 

27 

211- 
216- 

3     2 

2     3 

27 
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216- 

2 
2 

3 

3 

2     3 

7 

8 

1:1.14 

221- 

3 

2 

7 

6 

1:1.14 

28 

2a>- 

2  ■  3 

ffi 

226- 

2 

3 

231- 

3     2 

231- 

3  [2 

2^6- 

2     3 

236- 

4  I  1 

241- 

5   n 

241- 

2     3 

24ii- 

1      1 

246- 

4      1 

21       9     1;    43 

251- 

2     3 

17 

13 

1:  .76 

29 

256- 

2 

3 

29 

256- 

3 

2 

A  STUDY  OF  THE  BEHAVIOR  OF  THE  PIG 


205 


TABLE  5— Continued 

Daily  Series  and  Averages  with  Ratios  of  Correct  to  Incorrect 

First  Choices 

Problem  2 
Female  Male 


No. 

Ratio 

No. 

Ratio 

Date 

of 
trials 

R 

W 

R 

W 

of 
R  to  W 

Date 

of 
trials 

R 

W 

R 

W 

of 
R  to  W 

June 

June 

29 

261- 

3 

2 

29 

261- 

.4 

1 

u 

266- 

4 

1 

a 

266- 

4 

1 

u 

271- 

3 

2 

u 

271- 

2 

3 

u 

276- 

2 

3 

u 

276- 

2 

3 

u 

281- 

4 

1 

18 

12 

1:  .67 

u 

281- 

4 

1 

19 

11 

1:  .58 

30 

286- 

4 

1 

30 

286- 

1 

4 

u 

291- 

2 

3 

u 

291- 

2 

3 

u 

296- 

5 

0 

u 

296- 

4 

1 

u 

301- 

2 

3 

13 

7 

1:   .54 

u 

301- 

3 

2 

10 

10 

1:1 

July 

July 

1    / 

306- 

3 

2 

'■{ 

306- 

3 

2 

"    I 

311- 

4 

1 

311- 

3 

2 

« 

316- 

5 

0 

u 

316- 

3 

2 

u 

321- 

2 

3 

14 

6     1:   .43 

u 

321- 

2 

3 

11 

9 

1:   .82 

326- 

5 

0 

1 
1 

'■{ 

326- 

4 

1 

331- 

4 

1 

1 

331- 

3 

2 

u 

336- 

4 

1 

« 

336- 

4 

1 

u 

341- 

4 

1 

17 

3  ' 1:   .18 

1        a 

341- 

2 

2 

13 

7 

1:   .54 

M 

346- 

5 

0 

! 

1  ■( 

346- 

2 

3 

351- 

2 

3 

'                         1 

351- 

3 

2 

« 

356- 

4 

1 

1 

1    « 

356- 

2 

3 

u 

361- 

3 

2 

14 

6     1:   .43  ' 

1    " 

361- 

3 

2 

10 

10 

1:1 

4    / 

366- 

;  4 

1 

1 

4    / 

366- 

4 

1 

"    I 

371- 

,  3 

2 

i 

"    i 

371- 

3 

2 

«         > 

) 

376- 

i  4 

1 

i 
1 

"    / 

376- 

3 

2 

"■   \ 

381- 

O 

0 

1 
1 

"    \ 

381- 

3 

2 

U 

1    386- 

5 

1 

0 

21 

4     1:    .19 

1      5 

1      '^ 

386- 
391- 
396- 

3 
5 
2 

2 
0 
3 

16 

9 

1:   .56 

11 

i    391 

:4 

1 

u 

,    396 

Is 

0 

9 

1  1  1:   .11  1 

1 

u 
u 

401- 
406- 
411- 

3 
1 
3 

2 
4 
2 

1 

1 

1 

u 

14 

11 

1:   .79 

6 

416- 

0 

5 

1 

u 

421- 

4 

1 

4 

6 

1:1.50 

1 

7 

426- 

2 

3 

1 

u 

431- 

1 

4 

1 

1 

i             ' 

u 

436- 

3 

2 

1 

u 

441-    2 

3 

8 

12 

1:1.50 

1 

1 

8    f 

446-    4 

1 

1 

1 

1 

1 

"  \ 

451- 

3 

2 

1 

I 

1 

1 

ti 

1 

456- 

5 

0 

1 

1 

■                         i 

1 

1 

1        a 

1 

461- 

9 

3 

1 
1             1 

i        « 

466-    4 

1 

18 

7 

1:   .39 

1 

• 

1             1 

'■{ 

471- 

5 

0 

i 

1 

476- 

1 

4 

t 

' 

a 

481- 

2 

3 

1 

1 

1 

u 

486- 

1 

4 

9 

11 

1:1.22 

j 

1 

1 

10  ; 

491- ;  3 

9 

4^ 

j 

1 

1 

496-    3 

2 

1 

1 

1    « 

501-    4 

1 

1 

1 

i     « 

506- 

3 

12 

8 

1:   .67 

1 

1 
1 

1 
1 

1 

1    11 

511- 

5 

0 

1 

1 

1 

1 
1 

« 

1 

516- 

4 

1 

1    ^ 

1 

1:   .11 
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with  problem  1.    It  would  then  appear  to  be  from  four  to  eight 
times  as  difficult  as  the  latter. 

One  important  aspect  of  the  experiment  should  be  here  con- 
sidered. According  to  our  procedure,  one  of  the  pigs  led  and 
the  other  followed  in  a  series  of  trials.  It  was  therefore  possible 
that  the  follower  might  be  aided  in  its  choice  either  by  watching 
its  companion  or  by  the  odor  of  the  box  in  which  the  animal 
fed.  There  can  be  no  doubt  of  the  tendency  of  the  pigs  both  to 
watch  one  another  and  to  be  influenced  by  the  odor  of  the 
boxes,  but  that  the  solution  of  the  problems  did  not  depend 
upon  either  of  these  factors,  although  the  number  of  trials 
necessary  to  solution  may  have  been  modified  thereby,  is  proved 
by  the  fact  that  both  subjects  made  ninety  per  cent  of  correct 
choices  when  leading. 

PROBLEM  3 

All  of  the  data  in  connection  with  this  problem  are  to  be 
found  in  tables  6,  7,  and  8.  The  problem  is  definable  as  alter- 
nately the  first  mechanism  at  the  right  and  the  fiirst  at  the  left. 
At  the  beginning  of  work  on  this  problem,  the  animals  were 
given  their  trials  alternately  as  in  the  preceding  problems,  but  a 
strong  tendency  to  follow  manifested  itself,  and  on  the  second 
day  the  trials  were  given  by  pairs.  That  is,  each  individual 
was  allowed  to  choose  in  succession  the  first  door  at  its  right 
and  the  first  door  at  its  left,  and  was  then  reqvdred  to  wait  while 
its  companion  responded  to  the  same  pair  of  settings.  Thus, 
following  was  rendered  impossible. 

The  tendency  to  choose  the  second  door  from  the  left  natur- 
ally manifested  itself  in  the  early  work  on  this  problem,  but  it 
was  soon  destroyed  by  training,  and  the  course  of  experimen- 
tation proceeded  smoothly  to  the  perfect  solution  of  the  problem. 

It  is  to  be  noted  that  from  the  first,  ten  trials  constituted  a 
series.  Because  of  the  familiarity  with  the  general  experimental 
situation  which  the  animals  had  acquired  and  the  experience  of 
the  experimenters  in  the  control  of  hunger  and  punishment, 
it  was  easier  to  obtain  reactions  to  ten  successive  trials  at  this 
time  in  the  investigation  than  to  five  early  in  the  work,  with 
problems  1  or  2. 

The  female  succeeded  in  solving  problem  3  as  the  result  of 
420  trials;  the  male,  as  the  result  of  470. 
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For  this  problem  as  for  problem  2,  the  expectation  prior  to 
experience  is  one  correct  first  choice  to  four  incorrect  first  choices. 
The  male  in  his  first  series  exhibited  exactly  this  ratio,  whereas 
the  female  gave  a  ratio  of  1  to  1.  Her  success,  however,  was 
tmdoubtedly  due  to  following,  for  in  immediately  subsequent 
trials  when  following  was  rendered  impossible  by  the  giving  of 
the  trials  by  pairs,  she  did  very  poorly.  The  daily  ratios  for  each 
individual,  as  presented  in  table  8,  are  of  interest,  but  they  are  by 
no  means  as  important  as  are  the  detailed  data  of  tables  6  and  7. 

As  might  have  been  expected,  after  the  previously  acqvdred 
tendency  to  select  the  first  mechanism  at  the  left  had  been 
overcome,  the  pigs  shortly  exhibited  the  tendency  to  select  the 
end  boxes,  and  they  then  had  to  overcome  the  difficulty  of 
selecting  the  right  end.  It  is  quite  possible  that  this  task  was 
rendered  easier  by  the  rhythm  which  resulted  from  the  giving 
of  trials  by  pairs,  but  it  was  perfectly  evident  from  control 
experiments  that  the  animals  could  choose  correctly  even  if 
given  their  trials  in  rapid  succession,  without  the  irregularity 
due  to  alternate  experimenting  with  the  two  individuals. 

Since  it  seemed  possible  that  the  animals  might  have  learned 
the  proper  settings  and  be  responding  to  definite  situations 
rather  than  to  the  relation  of  the  right  box  to  the  other  members 
of  the  group,  a  control  experiment  was  made  by  the  presentation 
of  a  new  series  of  settings.  At  the  bottoms  of  tables  6  and  7 
appear  the  results  of  these  control  observations. 

The  female  had  solved  problem  3  on  the  completion  of  trial 
420  (see  tables  6  and  8),  and  the  male  on  the  completion  of 
trial  470  (see  tables  7  and  8).  The  next  series  of  ten  trials  for 
each  was  preliminary  to  the  control  experiments  and  served 
also  as  a  demonstration  series  to  certain  other  observers.  Fol- 
lowing this  demonstration  in  which  both  pigs  reacted  fairly 
well,  the  series  of  settings  indicated  in  tables  6  and  7  was  pre- 
sented. Both  individuals  were  somewhat  disturbed  by  the 
change,  her  record  being  seven  correct  choices  out  of  ten,  and 
his  nine  out  of  ten.  Later  in  the  day  another  series  of  ten  trials, 
according  to  the  original  settings,  was  given  with  the  result 
that  the  female  made  three  incorrect  first  choices  in  ten  and 
the  male  two.  Still  later,  the  control  settings  were  again  pre- 
sented. This  time  she  chose  correctly  eight  times  in  ten  and  he 
only  five  times. 
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Although  these  figures  are  far  from  conclusive,  we  are  con- 
vinced from  the  behavior  of  the  animals  that  neither  was  choos- 
ing by  familiarity  with  the  particular  settings.  She,  as  has 
been  pointed  out,  did  as  well  with  the  control  series  as  with  the 
regular  series,  and  he  did  even  better  in  the  first  control  series 
than  in  the  regular  series,  while  showing  extreme  confusion  in 
the  second  control  series.  This  was  doubtless  due  to  insufficient 
hunger  and  the  distracting  influence  of  a  mistake  in  the  first 
trial  of  the  series.  His  carelessness  throughout  the  last  control 
series  was  conspicuous. 

Comparison  of  the  results  for  problems  2  and  3  indicate  that 
for  the  female  problem  3  was  somewhat  the  more  difficult, 
whereas  for  the  male,  problem  2  required  a  larger  number  of 
trials.  We  are  by  no  means  convinced  by  this  comparison  that 
the  problems  have  not  been  used  in  the  order  of  increasing  diffi- 
cultness,  for  we  consider  the  female  subject  a  much  more  reliable 
individual  than  the  male,  and  we  suspect  that  his  greater  facility 
in  the  solution  of  the  third  problem  was  due  in  part,  at  least, 
to  the  experience  of  the  experimenters  in  dealing  with  his  tem- 
peramental and  other  peculiarities. 

PROBLEM  4 

The  data  to  be  considered  in  this  connection  appear  in  tables 
9,  10  and  11.  The  correct  mechanism  is  definable  simply  as 
the  middle  one,  and  the  expectation  prior  to  experience  is  one 
correct  to  four  incorrect  first  choices,  since  the  total  number  of 
doors  open  in  the  series  of  ten  settings  is  fifty.  As  is  shown  in 
table  11,  precisely  this  ratio  resulted  from  the  first  day's  experi- 
mentation in  the  case  of  each  individual. 

Ten  trials  per  series  were  given  regularly  throughout  the 
work  on  this  problem. 

Unlike  the  preceding  problems,  this  one  proved  insoluble. 
Consequently,  the  detailed  results  as  they  appear  in  tables 
9  and  10  are  especially  important,  since  from  them  jnay  be 
read  the  reactive  tendencies  and  their  relations  to  one  another. 
It  is,  of  course,  easy  to  understand  why  the  ratio  of  correct  to 
incorrect  first  choices  should  change  steadily  in  the  direction 
of  the  solution  of  the  p^^blem,  for  each  subject  gradually  learned 
^o  react  appr*^  )riateb      n  certain  of  the  s^'"^ings  while  failing 
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After  six  hundred  trials  had  been  given  to  each  individual 
by  use  of  the  series  of  settings  presented  on  page  192,  under 
problem  4,  it  was  apparent  that  the  animals  could  succeed 
in  solving  the  problem  only  by  acquiring  a  definite  habit  for 
each  particular  setting,  and  it  was  further  evident  that  the 
settings  including  seven  and  nine  open  doors  were  extremely 
difficult  for  the  animals.  For  these  reasons  it  was  decided  to 
present  a  modified  series  of  settings  in  which  the  groups  should 
consist  of  either,  three  or  five  open  doors.  Two  hundred  trials 
were  given  with  the  new  series  of  settings,  and  the  settings 
themselves,  as  well  as  the  results  obtained,  appear  at  the  bottom 
of  tables  9  and  10. 

Two  important  conclusions  are  justified  by  these  results. 
First,  that  the  pigs,  in  so  far  as  they  had  succeeded  in  responding 
correctly  to  the  middle  door,  had  reacted  to  particular  settings. 
And  second,  that  with  sufficiently  prolonged  training  they  could 
perfectly  solve  the  problem  of  the  middle  member  of  a  series, 
if  the  total  number  in  a  group  of  open  doors  did  not  exceed  five. 
As  a  matter  of  fact,  no  series  of  ten  correct  choices  was  obtained 
with  either  individual  because  of  the  surprisingly  strong  and 
persistent  influence  of  the  original  settings. 

Let  us  consider,  for  example,  setting  3.  This  originally  con- 
sisted of  the  group  1.2.3.4.5.6.7,  in  which  no.  4  was  the  box  to  be 
entered.  In  the  modified  settings,  this  group  was  changed  to 
3.4.5.6.7,  consequently,  the  box  to  be  entered  was  5  instead 
of  4.  Now,  whereas  in  the  case  of  setting  1  which  remained 
unchanged,  the  female  made  only  one  mistake  in  twenty-one 
trials  subsequent  to  the  modification  of  the  settings,  in  the 
case  of  setting  3  she  chose  wrongly  in  all  except  three  of  the 
twenty-one  trials,  and  this  in  spite  of  the  fact  that  in  the  case 
of  settings  2  and  5,  both  of  which  involved  five  open  doors,  she 
chose  correctly  sixteen  times  out  of  twenty-one.  Similarly  in 
the  case  of  setting  6,  in  which  originally  all  nine  of  the  doors 
were  o])en,  whereas  in  the  modification  only  doors  1,  2,  3,  4 
and  5  were  used,  both  the  female  and  the  male  chose  correctly 
only  once  in  twcntv-one  trials. 

Althouj^h  the  alx)ve  conclusions  are  of  primary  importance, 
further  examination  of  the  data  of  tables  9  and  10  should  throw 
additional  W^n  on  the  reactive  capacity  of  our  subjects. 

\Vu  sliall  consider  ihu  materials  according  to  the  number  of 
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mechanisms  used  in  the  settings.  Settings  1,  4,  7  and  10  involve 
three  members,  setting  2,  5  and  8,  five  members;  settings  3 
and  9,  seven  members;  and  setting  6,  nine  members.  Below 
are  presented  the  number  of  correct  first  choices  made  by  each 
individual  in  connection  with  each  setting,  the  total  number  of 
choices  being  sixty. 

Correct  First  Choices  in  Sixty  for  Each  Setting  in  Problem  4 


S.1 

S.2 

S.3 

S.4 

S.5 

S.6 

S.7 

S.8 

S.9    S.10 

Feniale 

35 

22 

16 

45 

22 

10 

49 

11 

22      38 

Male 

41 

21 

4 

48 

27 

12 

52 

11 

19      34 

■ 

These  figures  prove  that  to  select  the  middle  member  of  a 
group  of  three  is  fairly  easy  for  the  pig.  This,  to  be  sure,  might 
be  gathered  from  the  fact  that  the  animal  can  solve  the  problem 
of  the  second  from  the  left.  It  further  appears  that  attempts 
to  locate  the  proper  box  when  it  was  the  middle  of  a  series  of 
five  resulted  in  a  gradual  reduction  in  the  number  of  incorrect 
choices,  but  never  yielded  success.  The  selection  of  the  middle 
member  of  a  group  of  seven  or  of  nine  is  clearly  still  more  diffi- 
cult, and  there  is  no  reason  to  suppose  that  with  less  than  thou- 
sands of  trials  the  subjects  in  question  would  have  learned  to 
enter  it  directly. 

It  is  practically  certain  that  the  series  of  settings  rather  than 
the  number  of  members  in  a  group  is  responsible  for  the  animal's 
confusion.  Doubtless  by  training  a  pig  to  react  correctly  to 
each  setting  and  by  then  presenting  the  several  settings  in  a 
certain  definite  order,  a  habit  could  be  built  up  which  would 
apparently  yield  a  perfect  solution  of  problem  4.  It  is,  however, 
needless  to  point  out  that  this  would  not  be  the  kind  of  solution 
that  has  been  obtained  for  problems  1,  2  and  3,  or  in  other  words, 
would  not  be  dependent  upon  response  to  the  general  relation 
middleness. 

Analysis  of  the  records  for  the  sixty  trials  under  setting  6  are 
of  special  interest,  since  this  setting  proved  the  most  baffling 
of  all  to  the  subjects. 

To  begin  with,  they  naturally  tried  the  end  members  of  the 
series.  This  ])roving  unsatisfactory,  they  next  tended  to  choose 
rather  at  random,  '^^h1  then  there  gradually  appeared  a  tendencv 

to    enter      fir*^^       ^'^        ^     'in/''        o    pro^'v^or^     tV»'"»pr>r       >itlTor    Hir(^ctl"\ 
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by  way  of  3,  4  and  sometimes  also  6,  to  the  middle  box,  number 
5.  This  tendency  to  select,  when  in  doubt,  a  box  second  from 
the  right  end  of  the  series  may  possibly  be  due  in  part  to  the 
fact  that  the  box  to  be  chosen  in  setting  7  was  number  2.  At 
any  rate,  the  frequency  with  which  the  female  throughout  her 
training  chose  box  2  first  of  all  under  setting  6  is  surprisingly 
high,  whereas  for  the  male,  this  frequency  while  rather  high 
early  in  the  course  of  the  training,  tended  to  diminish  and  to 
give  place  to  the  decidedly  profitable  tendency  to  choose  a  box 
near  the  middle  of  the  series,  6,  7  and  5  frequently  being  entered. 
Similarly,  we  might,  if  space  permitted,  analyse  in  detail  the 
results  for  the  other  settings.  We  have  chosen  to  use  our  space 
in  this  report  for  the  presentation  of  data  in  tabular  form  rather 
than  for  their  description,  because  we  are  convinced  that  the 
facts  are  more  imjjortant  than  early  attempts  at  interpretation. 

SUMMARY 

1.  The  pig  has  ])roved  itself  an  ideal  subject  for  studies  in 
adaptive  behavior. 

2.  The  new  multiple  choice  method,  by  means  of  which 
standardized  problems  ranging  in  difficultness  from  the  very 
easy  to  the  very  difficult  may  be  presented  to  widely  differing 
types  of  organism,  has  in  our  opinion  fully  justified  our  expec- 
tations, for  it  has  proved  admirably  suited  to  the  discovery  and 
analysis  of  increasingly  complex  types  of  behavior. 

3.  For  the  pur])ose  of  discovering  the  extent  to  which  idea- 
tional and  closely  allied  types  of  behavior  exist  in  the  pig,  four 
problems  were  i.)resentcd.  They  may  be  defined  simply  in  terms 
of  the  constant  relation  of  the  right  mechanism,  as  (1)  the  first 
at  the  right  end  of  the  series;  (2)  the  second  from  the  left  end 
of  the  series;  (3)  altornatelv,  the  first  at  the  left  and  the  first 
at  the  right;  (4)  the  middle  member  of  the  series. 

The  ])nr])()so  of  the  ex])eriments  was  to  discover  the  pig's 
reactive  tendencies  and  especially  its  degree  of  ability  to  disso- 
ciate the  essential  and  ccMistant  relation  of  the  right  mechanism 
from  its  accidental  and  varial)le  accompaniments. 

4.  1'he  two  sul>jects  solved  perfectly  the  first  problem  with 
less  than  fifty  ex])eriences.  The  indications  are  that  visual  and 
kinai'stlictic  ij:ui(lan(r  siitViced. 

Tlic  second  ])rol)li.'in  was  solved  more  slowly,  ])artly  because 
till'  inlliience  of  the  earlier  trainini^  had   to  be  (U'ercome,  but 
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also  because  this  is  a  much  more  difficult  problem  than  the  first 
one.  In  this  also,  visual  and  kinaesthetic  guidance  seems  to 
account  for  success,  but  the  extent  to  which  the  animals  learned 
to  respond  to  the  relation  of  secondness  from  the  left,  no  matter 
what  the  other  relations  of  the  mechanism,  was  a  surprise  to 
the  experimenters  and  is  important  in  connection  with  the 
problem  of  ideation  in  animals. 

The  third  problem  also  was  solved  with  reasonable  ease,  and 
the  animals  demonstrated  their  ability  to  acquire  the  habit  of 
alternation  without  respect  to  particular  groups  of  reaction- 
mechanisms. 

Problem  4  proved  too  difficult  for  the  pigs.  They  learned 
to  select  the  middle  mechanism  of  the  series  when  the  groups 
were  small,  but  when  seven  or  nine  mechanisms  were  in  use, 
they  were  confused.  The  indications  are  that  with  long  train- 
ing they  would  learn  to  react  to  the  particular  settings  cor- 
rectly, although  incapable  of  reacting  to  the  constant  relation 
of  middleness. 

5.  Our  results  indicate  for  the  pig  an  approach  to  free  ideas 
which  we  had  not  anticipated.  There  seems  no  reason  to  doubt 
that  visual  and  kinaesthetic  factors  in  the  main  determine  their 
responses,  but  it  is  evident  that  they  are  not  so  dependent  upon 
the  particular  situation  as  are  many  other  mammals.  While 
hesitating  to  claim  that  we  have  demonstrated  the  presence  of 
ideas,  we  are  convinced  that  the  pig  closely  approaches,  if  he 
does  not  actually  attain,  to  simple  ideational  behavior. 

6.  The  multiple  choice  method  has  revealed  a  number  of 
interesting  reactive  tendencies,  their  relations  to  one  another, 
and  the  varied  ways  in  which  they  are  manifested  in  connec- 
tion with  situations  which  are  rather  difficult  to  meet. 

7.  Finally,  we  would  again  call  attention  to  the  fact  that 
this  method  of  studying  behavior  should  enable  us,  when  it 
has  been  reasonably  perfected  and  its  problems  standardized, 
to  determine  the  level  of  mental  development  in  different  indi- 
viduals, species,  stages  of  growth,  and  conditions  of  normality, 
and  to  compare  the  reactive  tendencies,  whether  or  not  idea- 
tional, of  other  organisms  with  those  of  the  human  subject. 
Our  results  thus  far  fully  convince  us  that  the  method  may  be 
made  to  yiek'  "^^  '  -c^IaaoW^^  psy^^  ■^^'^<2:ical  ar'^  ^^havioristic 
inform^ ^^'^^  .-..      it  "^i    ►-      -*"  "»-'^o'».  H^at^*^*^^^ 
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One  figure 

For  nearly  twenty  ^''ears  the  maze  or  labyrinth  has  been  em- 
ployed by  students  of  animal  behavior.  Both  apparatus  and 
procedure  have  been  improved  steadily  during  the  last  decade, 
but  even  to-day  we  lack  an  intelligently  standardized  form  of 
maze  and  a  reliable  method  of  recording  the  several  important 
aspects  of  the  subject's  reaction. 

We  propose,  in  this  paper,  to  describe  a  method  of  recording 
maze-reactions  which  should  greatly  increase  the  value  of  the 
results  obtained  in  experiments  with  the  maze.  We  shall  not 
attempt  to  describe  a  type  of  maze  which  promises  to  be  worthy 
of  standardization,  but  instead  shall  limit  ourselves  to  a  brief 
discussion  of  methods  of  observation. 

Experiments  with  the  maze  offer  opportunities  for  the  measur- 
ing of  several  aspects  of  reaction.  Especially  importa.nt  among  the 
data  obtainable  are  (1)  time  of  reaction;  (2)  distance;  (3)  number 
of  errors;  and  (4)  nature  and  distribution  of  errors.  Prior  to 
the  devising  of  the  method  herein  described,  it  has  been  prac- 
tically impossible  for  even  the  highly  practiced  observer  to  obtain 
accurate  measurements  of  all  of  these  features  of  reaction. 
Indeed,  with  a  ra])idly  moving  subject  like  a  rat  or  a  mouse,  it 
has  been  impossible,  during  the  first  few  trials,  to  obtain  with 
accuracy  any  other  measurement  than  that  of  time.  This  is 
obviously  quite  as  unnecessary  as  it  is  unfortunate,  for  we  have 
good  reason  to  believe  that  distance  and  error  data  are  in  many 
experiments  more  important  than  time  data.  Because  of  our 
conviction  that  a  variety  of  data  should  be  obtained  in  every 
maze  experiment  and  that  all  measurements  should  be  made 
with  a  reasonable  degree  of  facility  and  accuracy,  we  have  made 
it  our  business  to  attcm])t  to  devise  a  method  which  shall  enable 
an  experimenter  to  rc^^'^rd  "^b^^  virions  aspects  of  reaction  directly 
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When  the  idea  of  using  a  graphic  method  of  recording  maze- 
reactions  occurred  to  us,  it  was  immediately  suggested,  through 
correspondence,  to  Professors  J.  B.  Watson  and  Madison  Bentley. 
The  former,  feeling  the  immediate  need  of  such  an  improvement 
in  the  technique  of  maze  experiments,  promptly  devised  and  con- 
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Figure  1 

Diagrams  of  four  types  of  apparatus  for  obtaining  graphic  records  of  maze-reactions. 
I.  Apparatus  for  the  direct  method:  Z,  maze;  L,  lens:  D,  drawing  surfiaoe;  H, 
hood.  II.  Apparatus  for  simple  reflection  method:  M,  mirror.  III.  Apparatus 
for  double  reflection  method  of  Watson:    M  and  Mj,  mirrors.    IV.  Apparatus  for 

double  reflection  method  of  Kellogg. 
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structed  what  may  be  termed  the  camera  ludda  apparatus. 
This  has  been  in  use  foj*  several  months  in  the  Psychological 
laboratory  of  the  Johns  Hopkins  University  and  is  reported  by 
Professor  Watson  to  work  satisfactorily. 

In  our  search  for  simple,  inexpensive,  reasonably  convenient 
and  adaptable  means  of  obtaining  the  desired  data  of  reaction, 
we  have  happened  upon  the  four  methods  or  devices  which  are 
now  to  be  described.  Figure  1  is  a  diagrammatic  representation 
of  these  several  devices.  Since  they  are  not  of  precisely  the 
same  value,  we  shall  point  out  the  chief  merits  of  each  in  des- 
cribing them. 

It  was  our  aim  to  project,  in  some  convenient  manner,  an  image 
of  the  maze  and  of  the  reacting  subject  upon  a  record  sheet 
which  should  bear  a  diagram  of  the  maze.  Upon  this  record 
sheet  the  experimenter  may  accurately  trace  the  path  of  the  ani- 
mal, while,  at  the  same  time,  keeping  a  record  of  the  time  of 
reaction.  From  the  graphic  record  of  the  route  taken  by  the 
animal,  the  distance  and  error  data  may  be  read. 

We  shall  designate  the  four  methods  as  the  direct  method 
(Fig.  1,  I);  the  simple  reflection  method  (Fig.  1,  II) ;  the  double 
reflection  method  of  Watson  (Fig.  1 ,  III) ;  and  the  double  reflection 
method  of  Kellogg  (Fig.  1,  IV). 

I.  The  direct  method.  This  is  the  simplest  device  which  we 
have  been  able  to  imagine.  Above  the  maze,  Z,  of  Fig.  1,  I,  is 
placed  either  a  simple  or  a  compound  lens,  L,  and  at  the  proper 
distance  above  it,  a  plate  of  glass,  D,  conveniently  framed  in  a 
drawing  table,  and  enclosed  by  a  hood,  H.  Upon  this  plate  of 
glass,  a  thin  sheet  of  paper  bearing  a  plan  of  the  maze  is  placed. 
As  the  observer  looks  down  upon  the  record  sheet,  he  sees  an 
image  of  the  maze  and  of  the  reacting  subject,  and  at  will  he  may 
trace  with  pen  or  pencil  upon  the  record  sheet  the  path  followed 
by  the  subject. 

This  method  has  the  important  advantages  of  being  extremely 
simple,  inexpensive,  and  adaptable.  It  gives  a  reversed  image 
of  the  maze,  but  this  is  no  considerable  disadvantage.  The 
chief  disadvantages  of  the  method  are  its  inconvenience  in 
connection  ^  *^^  %rge  mazes  because  of  the  great  distance  nec- 
essary be  -  -  '"aze  and  drawing  board.  But  even  with  very 
large  maze^      x»    .ie^>«<^d  may  b^  -i^^^  to  aH^-^^ntage  if  a  vertical 


53  GRAPHIC  METHOD  OF  KEOjRDIXG  M.\ZE-RE ACTION'S 

is  likely  to  prove  most  practicable  where  two  rooms,  the  one 
above  the  other,  are  available  for  m.aze  experiments.  The 
writers  have  tested  the  method  onlv  with  ver\-  sm^all  m^azes. 

II.  Tk<  single  n flection  niKtliod.  The  device  for  this  m.ethod. 
as  shown  in  Figure  1.  II.  consists  of  a  m.irror.  M.  which  is  placed 
above  the  m^aze.  Z.  and  which  causes  an  image  of  the  maze  to 
fall  upon  the  lens.  L.  This  :m.age  is  focused  upon  a  record  sheet 
at  D.  As  in  the  case  of  the  direct  method,  the  drawing  board  is 
hooded  in  order  that  the  experimienter  may  work  in  dim  light 
and  thus  be  able  to  see.  clearlv,  both  the  allevs  of  the  maze  and 
the  moving  anim.al.  In  comparison  with  the  former  miethcd. 
this  is  somewhat  more  expensive.  I:  yields  a  completely  re- 
versed image  and  it  may  be  used  for  even  ver\-  large  mazes.  Its 
chief  defects  are  the  inconvenient  inclination  of  the  drawing' 
surface,  at  one  end  of  which  the  obser\-er  mitist  work.  In  this 
laboratory-  we  have  thoroughlv  tested  the  method  and  find"  it 
to  work  satisfactorily.  A  little  practice  enables  the  obsen'er  to 
follow  a  rapidly  moving  rat  or  m.ouse  and  to  obtain  records 
which  yield  accurate  m.easuremtrnts  of  distance,  time  and  errors, 
even  in  the  early  experiments  with  a  given  sub;ect. 

III.  T]>:  doiilix:  rt'.VL::.;;  »:*:/:  j  o'  \\'a:sou  camera  Ittcida 
fKtthod  .  Two  mirrors  ar?.-  used  in  this  apj^aratus  together  with 
a  lens  and  drawing  board.  The  arran^-ement  of  these  parts  is 
shown  in  Fig.  1.  III.  This  apTi-aratus  has  the  disadvantage  of 
beine  more  exix-nsive  bv  rtras^'n  of  an  additional  mirror  than  the 
prc-'X-^Iir.ii  rr.r-thod.  an-1  it  is  also  i.-'aced  at  a  slight  disadvantage 
'^^  -i'j-v  it  -u:.:  [io-  an  intake  •:;:  the  maze  which  is  reversed  from 
ri.iiht  •'.'  \:\.  T*  '.'"'t::tt-r-  alanco  these  di.-advantages.  we  may 
rv.'.::*-' :;  vv-  f!!'-.v::v  '■' vi'-tis  a:v:i::t:iL:es:  1'  the  more  con- 
v-:;:-.:v  :--:::'.::  -  f  ']\r  ■:^a^v:::^  stirrace:     2    the  removal  of  the 

::st:t:t»:e  from  the  maze;  and  «3i 
iriLf:-  :• '  s:atial  dcntands  in  room  or 
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reversed  and  the  apparatus,  as  a  whole,  is  quite  as  adaptable  as 
is  Professor  Watson's. 

General  discussion  of  methods.  The  above  devices  for  obtaining 
graphic  records  of  maze-reactions  yield  less  satisfactory  results 
than  would  a  good  photographic  device,  and  we  recommend 
them  simply  because  they  are  less  expensive  in  construction  and 
operation.  All  are  so  simple  that  detailed  description  is  needless. 
We  shall,  however,  in  concluding  this  article,  call  attention  to 
certain  important  points  which  experience  in  the  use  of  the 
graphic  method  has  brought  to  our  attention. 

In  the  first  place,  although  it  is  perfectly  possible  to  get  along 
with  a  simple  lens,  especially  if  one  is  working  with  small 
mazes,  a  much  more  satisfactory  image  may  be  obtained  by  the 
use  of  a  compound  lens.  Second-hand  portrait  lenses  are 
available  and  wholly  suitable,  but  even  such  a  lens  is  likely  to  be 
much  more  expensive  than  a  simple  lens. 

Each  of  the  four  devices  which  we  have  described  has  its 
obvious  advantages  and  disadvantages,  and  it  is  clear  that 
choice  of  a  method  should  depend  upon  the  relative  importance  of 
these  in  each  particular  case.  On  the  whole,  it  is  likely  to  be 
more  convenient  for  most  experimenters  to  have  their  drawing 
board  slightly  inclined  toward  them.  This  is  possible  in  methods 
III  and  IV.  Method  II  necessitates  the  use  of  an  inclined 
drawing  board,  but  unfortunately  the  observer  must  sit  at  one 
end  of  this  board  and  work  in  a  somewhat  awkward  position. 
So  far  as  the  position  of  the  drawing  surface  is  concerned,  methods 
III  and  IV  would  seem  slightly  more  satisfactory  than  methods 
I  and  II. 

In  those  devices  in  which  the  light  falls  upon  the  record  sheet 
from  above,  the  vshadows  cast  by  the  experimenter's  hand  and 
pencil  are  disturbing,  sometimes  rendering  it  difficult  to  follow 
accurately  a  swiftly  moving  animal.  Other  things  being  equal, 
it  is  therefore  preferable  to  have  the  light  come  from  beneath 
the  drawing  surface,  as  in  methods  I  and  IV. 

In  the  first  few  trials  with  a  given  animal,  it  is  extremely 
important  for  the  experimenter  to  be  able  to  change  record 
sheets  quickly,  since  the  animal  is  likely  to  traverse  the  alleys 
of  the  maze  rapidly  and  repeatedly.  If  the  image  comes  from 
above  the  record  sheet,  it  is  possible  to  have  the  sheets  made 
up  in  the  form  of  a  tablet  or  block  with  two  edges  glued.     The 
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tablet  having  been  properly  oriented,  the  experimenter  may  at 
any  moment  tear  off  a  record  sheet  and  continue  his  tracing 
almost  uninterruptedly.  This  method  may  be  made  to  work 
satisfactorily  even  when  a  printed  diagram  of  the  maze  appears 
on  each  record  sheet,  for  the  orientation  of  the  block  may  be  kept 
constant.  When  the  image  falls  upon  the  record  sheet  from  below 
it  is  necessary  to  use  rather  thin  paper  and  to  have  the  drawing 
board  so  arranged  that  the  sheets  fit  neatly  and  may  be  quickly 
placed  in  position.  Although  we  have  tried  only  methods  I 
and  II  in  this  laboratory,  we  are  inclined  to  believe  that  it  is  more 
satisfactory  on  the  whole  to  have  the  image  come  from  below 
the  record  sheet.  Especially  in  the  first  trials  with  a  given 
animal,  the  time  required  is  likely  to  be  long,  and  the  experimenter 
should  be  able  to  make  his  observations  without  undue  discomfort 
or  fatigue. 

We  recommend  that  as  soon  as  the  experimental  device  has 
been  selected  and  properly  adjusted,  a  zinc  etching,  which 
exactly  reproduces  the  image  of  the  maze  as  it  falls  upon  the 
drawing  board,  be  made,  and  that  this  be  used  in  the  prepara- 
tion of  blank  record  sheets.  For,  although  a  diagram  of  the 
maze  is  not  absolutely  essential,  it  has  considerable  value  in 
connection  with  the  early  trials  and  sometimes  prevents  errors 
in  the  reading  of  records  of  later  trials.  It  is  extremely  laborious 
and  wasteful  of  time  to  draw  the  diagrams  by  hand,  and  if 
hundreds  or  thousands  of  record  sheets  are  to  be  used,  the  cost 
of  a  zinc  etching  and  of  printing  the  sheets  will  be  trivial  in 
comparison  with  the  value  of  the  experimenter's  time. 

As  appears  from  the  above  discussion,  we  are  not  in  a  position 
to  recommend  any  one  of  the  four  methods  over  the  others 
without  careful  consideration  of  the  type  of  maze  which  is  to  be 
used,  of  the  character  of  the  lens,  and  the  location  of  the  ap- 
paratus. But  we  are  fully  convinced  that  all  investigations 
with  the  maze  should  make  use  of  some  graphic  method  of  record- 
ing reactions.  There  can  be  no  doubt  that  the  data  previously 
ol)tained  from  maze  experiments  have  only  a  fraction  of  the  value 
which  they  should  have,  and  that  because  of  the  inaccuracy  and 
incompleteness  of  the  records. 
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